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LETTER  OE  TRANSMITTAL. 


U.  vS.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 

WasMngtoti,  D.  C,  May  1,  1907. 

Sir:  I  have  the  honor  to  transmit  herewith  a  report  on  the  drainage 
of  the  eastern  parts  of  Cass,  Traill,  Grand  Forks,  Walsh,  and  Pembina 
counties,  North  Dakota,  prepared  by  John  T.  Stewart  ,  drainage  engi- 
neer, under  the  direction  of  Dr.  Elwood  Mead,  chief  of  the  Irrigation 
and  Drainage  Investigations  of  this  Office. 

The  areas  surveyed  are  in  the  valley  of  the  Red  River  of  the  North 
and  have  very  little  fall,  so  that  in  many  years  they  are  too  wet  for 
crop  production.  Replies  to  inquiries,  representing  8,000,000  acres 
in  this  part  of  the  valley,  show  that  in  1905  there  was  a  total  loss  of 
crop  on  about  260,000  acres  which  were  seeded,  while  other  large  areas 
could  not  be  plowed  and  seeded,  running  the  losses  for  a  single  year 
from  inadecpiate  drainage  into  millions  of  dollars. 

The  surve3\s  here  reported  were  made  for  the  purpose  of  determin- 
ing the  feasibility  of  draining  the  valley,  the  location  and  sizes  of 
drains  necessary,  and  the  cost  of  their  construction.  The  work  was 
done  by  this  Office  with  the  cooperation  of  the  State  of  North  Dakota, 
the  counties  in  which  the  surveys  were  made,  and  the  Great  Northern 
Railway  Company.  Each  of  the  counties  has  been  supplied  with  a 
typewritten  copy  of  the  part  of  the  report  relating  to  its  territory  and 
with  a  map  showing  the  proposed  ditches,  but  it  is  believed  that  the 
circulation  of  the  complete  report  in  the  territory  covered  will  be  a 
great  aid  in  securing  the  construction  of  the  drains  necessary  to  the 
protection  of  these  lands.  This  section  is  typical  of  many  river  bot- 
tom areas,  and  the  general  discussion  will  be  of  great  value  to  such 
sections  by  suggesting  methods  for  their  reclamation.  The  publica- 
tion of  the  report  as  a  bulletin  of  this  Office  is  therefore  recommended. 
Very  respectfully, 

A.  C.  True, 

Director. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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DRAINAGE  OF  THE  EASTERN  PARTS  OF  CASS,  TRAILL,  GRAND  FORKS, 
WALSH,  AND  PEMRINA  COUNTIES,  NORTH  DAKOTA. 


INTRODUCTION. 

The  lack  of  comprehensive  plans  for  drainage  in  the  valley  portions 
of  the  counties  in  North  Dakota  horderinij  the  Red  River  of  the  North 
has  often  seriously  retarded  needed  drainage  of  farm  lands  in  that 
section.  This  fact  was  brought  to  the  attention  of  the  delegates  to 
the  Second  vState  Irrigation  Convention,  held  at  Bismarck,  N.  Dak., 
in  January,  1905.  A  resolution  was  passed  by  that  body  requesting 
that  the  Office  of  Experiment  Stations  of  the  United  States  Depart- 
ment of  Agriculture  render  assistance  by  making  surveys,  plans  and 
reports  for  the  guidance  of  landowners  and  district  engineers  in  con- 
structing drainage  ditches.  In  compliance  with  this  recpiest  a  propo- 
sition was  made  to  the  conunissioners  of  counties  bordering  the 
river,  through  Dr.  J.  H.  Worst,  director  of  the  State  experiment 
station,  to  make  a  topographic  survey  for  drainage,  provided  the 
counties  would  contribute  one-half  of  the  estimated  expense.  Agree- 
ments between  the  Office  of  Experiment  Stations  and  county  com- 
missioners of  Cass,  Traill,  Grand  Forks,  and  Walsh  counties  were 
entered  into  on  this  basis,  a  definite  estimate  of  the  cost  of  the  pro- 
posed survey  being  named  by  the  Office  of  Experiment  Stations. 
The  State  engineer  also  agreed  to  assist  through  the  services  of  the 
assistant  State  engineer.  Surveys  were  made  in  these  four  counties 
in  1905  as  represented  on  the  accompanying  maps,  and  a  report  with 
plans  and  estimates  was  filed  with  the  auditor  of  each  of  the  counties. 

A  I'ooperative  agreement  was  made  in  1 906  with  the  board  of  com- 
missioners of  Pembina  County  for  a  similar  survey,  based  upon  an 
estimate  of  $2,700  as  the  cost  of  the  survey  of  the  portion  of  the 
county  represented  on  the  map  accompanying  this  report.  The 
county  agreed  to  contribute  an  amount  not  exceeding  $700;  the 
Great  Northern  Railway,  $900;  the  State  engineer's  office,  the  services 
of  the  assistant  State  engineer,  and  the  Office  of  Experiment  Sta- 
tions the  balance.  The  work  was  to  be  performed  under  the  super- 
vision of  the  Office  of  Experiment  Stations,  as  was  the  case  in  the 
survey  of  the  four  counties  made  the  previous  year.    The  survey  of 
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this  county  was  completed  in  August,  1 906,  and  a  map  and  typewritten 
report  of  the  survey  has  been  prepared  and  transmitted  to  the  auditor 
of  that  county. 

The  writer  had  charge  of  the  work  in  the  five  counties,  and  has 
prepared  a  report  and  estimates  of  the  cost  of  the  work  recommended. 
Mr.  T.  R.  Atkinson,  assistant  State  engineer,  served  as  field  engineer 
throughout  the  work  and  platted  the  field  data  of  Cass,  Traill,  Grand 
Forks,  and  Walsh  counties.  The  description  of  the  manner  in  which 
the  field  work  was  performed  and  the  total  cost  of  the  work,  together 
with  the  portion  of  the  expense  borne  by  each  of  the  contributing 
parties,  are  shown  elsewhere  in  the  report. 

GENERAL  CONDITIONS. 

These  five  counties  are  situated  in  the  eastern  part  of  the  State, 
adjacent  to  the  Red  River  of  the  North,  the  valley  portion  of  which 
comprises  a  strip  of  land  1 5  to  40  miles  wide  and  1 63  miles  long.  The 
soil  is  noted  for  its  fertility,  and  when  not  damaged  by  excessive  rain 
or  by  the  spring  overflows  (resulting  from  melting  snow)  produces 
abundant  crops  of  hard  wheat  of  a  superior  quality;  but  in  recent 
years  lack  of  adequate  drains  has  resulted  in  discouraging  losses  of 
crops  and  has  checked  the  progress  of  permanent  improvements. 
Experience  here  as  well  as  elsewhere  has  taught  that  new  land  requires 
less  drainage  to  produce  good  crops  than  land  which  has  been  culti- 
vated for  a  number  of  years  and  that  the  necessity  for  drainage  is 
likely  to  increase  rather  than  diminish  as  the  country  becomes  more 
densely  populated. 

Since  the  general  drainage  conditions  in  the  five  counties  are  simi- 
lar, a  discussion  of  the  subject  with  slight  modifications  to  meet  local 
conditions  will  apply  to  each.  This  portion  of  the  valley,  because  of 
its  peculiar  situation,  is  frequently  overflowed  by  the  rainfall  from  an 
extensive  area  occupying  a  higher  level,  adjoining  it  on  the  west. 
This  more  elevated  area  comprises  16,400  square  miles,  while  the  area 
on  the  bottom  itself  does  not  exceed  2,500  square  miles.  The  drain- 
age water  from  the  west  enters  the  river  plain  through  well-defined 
channels,  which  either  lose  their  identity  by  discharging  their  water 
over  the  level  land  or  continue  across  the  bottom  lands  through  small 
and  obstructed  channels  and  frequently  overflow.  The  banks  of  the 
natural  streams  are  in  many  places  3  or  more  feet  liigher  than  the 
general  level  of  the  adjoining  lands,  so  that  when  the  water  of  the 
streams  recedes  it  is  impossible  for  the  overflow  to  return  directly  to 
the  channels.  While  the  normal  annual  rainfall  is  about  22  inches, 
as  will  be  noted  from  a  study  of  the  rainfall  table  (p.  16),  it  is  unevenly 
distributed.  During  the  last  ten  years  a  large  part  of  these  level  lands 
has  been  excessively  wet  at  times,  entailing  great  loss  to  farmers,  ren- 
dering the  highways  impassable,  and  retarding  the  prosperity  of  the 


9 


entire  valley.  The  lack  oi  adequate  outlet  streams  and  channels 
makes  individual  efforts  to  construct  drains  ineffective  without  such 
cooperation  of  landowners  as  is  provided  for  by  the  State  drainage 
law. 

The  losses  to  this  portion  of  the  valley  for  the  year  1905,  as  ascer- 
tained by  A.  L.  Fellows,  State  engineer,  and  reported  to  the  drainage 
convention  held  in  Grand  Forks  in  January,  1906,  indicate  in  some 
measure  the  necessity  of  drainage  and  its  approximate  value  to 
farmers.  The  following  figures  were  obtained  in  answer  to  letters 
addressed  to  farmers  in  the  valley,  the  replies  representing  an  area 
of  3,000,000  acres: 

Acres  that  could  not  be  seeded   89,  234 

Acres  that  could  not  be  summer-fallowed   70, 187 

Acres  seeded  and  not  worth  harvesting   87,  035 

Acres  too  wet  to  be  plowed  in  the  fall   166,  625 

Acres  which  grew  a  crop  but  were  too  wet  to  be  harvested   171,  493 

It  is  further  pointed  out  that  adding  the  amoiuit  seeded  but  not 
worth  cutting  to  that  which  was  too  wet  to  be  harvested,  there  was  a 
total  loss  of  crop  on  253,660  acres  which,  estimated  at  the  average 
production  of  15  bushels  of  wheat  per  acre  and  at  70  cents  per  bushel, 
gives  a  loss  on  this  item  alone  of  .12,663,407.  These  figures  show  the 
possible  economic  value  of  drainage  to  this  valley  and  suggest  what 
the  landowners  can  afford  to  pay  for  it.  As  a  further  encouragement 
it  shoidd  be  observed  that  wherever  land  drainage  has  been  carried 
out  elsewhere  on  an  extensive  scale  and  in  a  thorough  manner  some 
or  all  of  the  following  benefits  have  been  obtained: 

(1)  The  greater  certainty  of  a  full  crop. 

(2)  Increase  in  acreage  and  also  in  the  yield  per  acre. 

(3)  A  permanent  increase  in  the  market  value  of  the  land. 

(4)  Benefits  to  the  public  roads. 

(5)  Benefits  to  railroads  because  of  increased  tonnage  of  freight. 

(6)  Benefits  to  nearby  towns  because  of  increased  business. 

(7)  Benefits  to  public  health  and  general  welfare. 

Every  large  drainage  proposition  presents  three  sets  of  problems  of 
equal  importance,  each  of  which  must  be  carefully  considered.  The 
first  of  these  is  the  legal  problems  which  will  arise  during  the  organi- 
zation and  establishment  of  the  drainage  district.  The  second  com- 
prises the  problems  relating  to  the  provision  of  funds  for  prosecuting 
the  work  and  maintaining  an  economical  administration  of  the  affairs 
of  the  organization.  The  third  involves  the  engineering  features 
which  include  the  size  and  location  of  the  ditches,  their  grade,  slope, 
construction,  and  maintenence,  and  engineering  data  essential  to  the 
planning  and  construction  of  drainage  works.  These  are  coordinate 
problems,  each  of  which  should  receive  careful  consideration. 
32380— No.  189—07  2 
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It  is  the  purpose  to  present  here  the  engineering  and  other  related 
problems  that  pertain  to  the  drainage  of  these  counties.  A  careful 
examination  and  a  survey  of  the  area  have  been  made  and  data 
requiring  exhaustive  and  patient  research  have  been  collected.  Not 
only  the  area  to  be  drained,  but  the  extent  and  character  of  the  con- 
tributing watershed  were  ascertained  and  its  topographic  features 
considered.  The  slope  of  its  surface,  the  depth  and  character  of 
the  soil,  the  number,  size,  and  condition  of  the  natural  water  courses, 
their  general  direction,  and  the  sufficiency  of  their  banks,  as  well  as 
the  climatic  conditions  peculiar  to  that  region,  have  been  considered 
in  planning  the  drainage  of  the  valley. 

GENERAL  TOPOGKAPHY  AND  THE   SUFFICIENCY  OF  THE  NAT- 
URAL STREAMS  FOR  DRAINAGE  OUTLETS. 

The  outlet  for  the  drainage  of  the  territory  under  consideration  is 
the  Red  Eiver  of  the  North,  which  rises  in  Lake  Traverse  and  flows 
north,  forming  the  boundary  between  Minnesota  and  North  Dakota. 
It  has  an  average  fall  of  about  6  inches  per  mile,  and  has  a  tortuous 
channel  winding  in  short  loops  back  and  forth  across  a  strip  of 
country  almost  a  mile  wide.  It  has  a  range  of  16  to  50  feet  between 
high  and  low  water  and  at  times  overflows  its  banks  in  places.  This 
usually  occurs  in  the  spring,  when  the  ground  is  frozen  and  the 
run-off  excessive  by  reason  of  the  sudden  melting  of  the  snow  at  a 
time  Avhen  the  channel  is  obstructed  by  snow  and  ice.  When  the 
water  in  the  river  reaches  the  level  of  the  land  adjoinmg,  it  retards 
the  drainage  of  the  entire  valley,  particularly  the  area  near  the 
stream,  and  causes  many  of  the  tributary  streams  to  overflow  their 
banks.  The  phj^sical  features  of  this  river,  as  compiled  from  the 
reports  of  the  engineering  corps  of  the  Army  and  from  other  sources, 
are  represented  in  the  following  table: 


Physical  features  of  Red  River  of  the  North,  by  sections. 


From — 

To— 

Distance 
by  river. 

Distance 

by  direct 

line. 
* 

Total 
fall. 

Aver- 
age fall 
per 
mile. 

Width 
of 

channel. 

Height 

of 
bank. 

Range 
between 
hi?h  and 
low 

water. 

Wahpeton  

Abercrombie  

Fargo  

jroose  Rapids  

Belmont  

Grand  Forks  

Turtle  River 
Salt  River  

Fargo  

Goose  Rapids  

Belmont  

Grand  Forks 
Turtle  River 

Miles. 
26.0 
71.0 
98.1 
21.9 
35.0 
25.0 
30.  5 
40.0 
48.0 

Miles. 
14.0 
30.0 
41.0 
11.0 
22.0 
18.0 
13.0 
17.0 
28.0 

Feet. 
35.5 
38.2 
50.6 
21.2 
12.8 

6.2 
18.8 
11.9 

9.3 

Feet. 
1. 36 
.54 
.51 
.97 
.36 
.40 
.29 
.29 
.19 

Feet. 
125 
95 
100 
160 

100-200 

Feet. 
12 
37 
38 
61 
60 
45 
40 
45 
50 

Feet. 

16 
33 
33 
40 
50 
45 
40 
40 
38 

Salt  River  

Pelican  River  

Boundary  line. . . 

250-300 

Pelican  River  

Total  

395. 5 

19.40 

194.5 

.49 
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The  question  arises  as  to  the  abihty  of  this  stream  to  receive  and 
carry  away  the  drainage  from  the  area  under  consideration.  During 
the  summer  of  1905,  when  the  survey  of  the  territory  was  made, 
the  zero  points  of  the  gauges  established  along  the  river  were  con- 
nected with  the  general  level  system  and  referred  to  the  common 
datum,  and  the  elevation  of  the  water  surface  of  the  various  streams 
was  taken.  The  following  comparisons  of  the  low  water  levels  of 
the  streams,  and  the  surface  of  the  land  adjoining  them,  show  the 
depths  which  the  streams  could  carry  without  overflowing: 

Companion  of  the  elevation  of  the  water  surface  of  the  sireains  with  the  land  surfaee  near 

them. 


CASS  COUNTY. 


Stream. 

Water 
surface. 

Land 
surface. 

Differ- 
ence. 

Willi  Rice  River  at  south  l)(iuii(la rv.  Cass  County  

Shevi'iitii'  Ri\  iTat  northwest  coriK'r  section  1,  of  Norman  Township  

Reii  River  at  l''argo  

Feet. 
882.8 
895.0 
905.9 
868.0 
886.9 
896.0 
850.7 

Feet. 
924.0 
924.0 
919.0 
901.0 
899.0 
906.0 
882.7 

Feet. 
41.2 
29.0 
13.1 
33.0 
12.1 
10.0 
32.0 

Sheyeiine  Rncr  near  southeastcomer  section  7,  of  Barnes  Townsliip .  ... 
Maple  Kiver  at  Mapleton  

lied  River  at  line  between  Harwood  and  Wiser  townships,  Cass  County . . 

WALSH  COUNTY. 

Red  River  at  .section  24,  Walshville  Township  

Forest  River,  section  14,  Forest  River  Township  

Red  River  at  southeast  corner  section  24,  St.  Andrews  Township  

Park  River  near  Grafton  

778.6 
826.6 
764.6 
803.2 

807.0 
839.0 
791.0 
828.0 

28.4 
12.4 
26.4 
24.. '5 

GR4.ND  FORKS  COUNTY. 

Red  River  at  Grand  Forks  

786.0 
816.6 

835.0 
838.0 

49.0 
21.4 

Turtle  River  at  North  line  of  Rve  Township  

Highest  and  lowest  gauge  readings,  in  feet,  at  paints  on  the  Red  River  and  Us  tributaries 

where  records  have  been  kept. 


[From  reports  of  U.  S.  Geological  Survey.] 
RED  RIVER  AT  GRAND  FORKS.  N.  DAK. 


[Elevation  of  zero  of  river  gauge  =  781.43.] 


Year. 

Gauge. 

Date  of 
highest 
water. 

Gauge. 

Date  of 
lowest 
water. 

Year. 

Gauge. 

Date  of 
highest 
water. 

Gauge. 

Date  of 
lowest 
water. 

1S96  

Feet. 
32.0 
.■jO.2 
15.0 
20.9 
16.5 

May  30 
Apr.  10 
Apr.  14 
Apr.  17 
Oct.  13 

Feet. 
6.6 
6.9 
5.4 
5.7 
3.4 

Oct.  8 
Nov.  13 
Nov.  13 
Nov.  11 
July  1 

1901  

Feet. 
26.2 
26.0 
27.9 
40.6 
•  26.2 

Apr.  6 
Mar.  30 
.-Vpr.  11 
Apr.  27 
May  18 

Feet. 
6.2 
5.9 
5.0 
6.0 
7.4 

Sept.  24 
Oct.  23 
Aug.  24 
Aug.  30 
May  1 

1897  

1902  

1898  

1903  

1899  

1904  

1900  

1905  

RED  RIVER  AT  FARGO.  N.  DAK. 
[Elevation  of  zero  of  river  gauge  =  863.14.] 

1902  

10.5 
13.9 

May  25 
Apr.  6 

6.8 
7.0 

Nov.  30 
Aug.  24 

1904  

21.3 
10.5 

Apr.  20 

May  23 

7.0 
6.8 

Nov.  29 
Nov.  30 

1903  

1906  

12 

Uighesl  and  lowest  gauye  readings,  in  feet,  at  points  on  the  Red  River  and  its  tributaries 
where  records  have  been  kept — Continued. 

SHEYENNE  RIVER  AT  HAGGART.  N.  DAK. 


[Elevation  of  zero  of  river  gauge  —  880.92.] 


Date  of 

Date  of 

Date  of 

Date  of 

Year. 

Gauge. 

highest 

Gauge. 

lowest 

Year. 

Gauge. 

highest 

Gauge. 

lowest 

water. 

water. 

water. 

water. 

1902  

18.0 
14.7 

Apr.  10 
Apr.  U 

3.4 
3.0 

Aug.  18 
Aug.  5 

1904  

18.4 
9.8 

Apr.  23 
May  13 

3.1 
3.8 

Aug.  30 
Sept.  26 

1903  

1905  

PEMBINA  RIVER  AT  NECHE,  N.  DAK. 


1904  

20.9 

May  2 

4.5 

Nov.  18 

1905  

9.0 

June  11 

2.9 

Aug.  30 

RED  LAKE  RIVER  AT  CROOKSTON,  MINN. 

1902  

10.0 
7.6 

May  21 
June  1 

4.6 
4.1 

July  29 
Aug.  11 

1904  

20.3 
14.1 

Apr.  24 
May  13 

3.7 
4.1 

Nov.  28 
Dec.  2 

1903  

1905  

OTTER  TAIL  RIVER  AT  FERGUS  FALLS,  MINN. 

1904  

3.8 

June  I) 

3.0 

Sept  14 

1  190o.  

3.9 

Aug.  10 

2.8 

Apr.  11 

Daily  gauge  height,  in  feet,  of  the  Pembina  River  at  Neche,  N.  Dak.,  from  April  1  to 
Septtmber  SO,  for  the  years  1904  and  1905. 

[Elevation  of  zero  of  gauge  =  813.33.] 


April. 

M£ 

June. 

July. 

August. 

September. 

Day. 

1904. 

1905. 

1904. 

1905. 

1904. 

1905. 

1904. 

1905. 

1904. 

1905. 

1904. 

1905. 

1  

6.20 

20. 

7 

4. 

70 

10. 

2 

4.60 

8.1 

5. 30 

6.0 

3.  45 

5.5 

3. 00 

2   

6.  30 

20. 

9 

4. 

60 

9. 

9 

4.60 

7.9 

5.10 

6.0 

3.  45 

5.5 

3. 00 

3   (  

0.30 

20. 

7 

4. 

50 

9. 

9 

4.60 

8.9 

5. 00 

6.0 

3.  45 

5.5 

3. 00 

4 

3. 

7 

8.20 

20 

3 

4. 

40 

9. 

9 

4.60 

15.2 

4.  90 

6.0 

3.  45 

5.5 

2. 95 

5 

3 

8 

9.80 

19. 

9 

4. 

30 

14 

0 

4.60 

16.0 

4.  70 

6.0 

3.  45 

5.5 

2.  95 

6 

4 

0 

9.50 

19. 

3 

4 

20 

13. 

8 

4.60 

11.8 

4.50 

6.0 

3.  40 

5.5 

.3. 00 

7 

4. 

5 

8.60 

18 

6 

4. 

40 

13. 

3 

6.40 

9.7 

4.  40 

6.0 

3.50 

5.5 

2.95 

8 

5. 

0 

7.50 

18 

0 

4. 

80 

12. 

0 

6.20 

9.5 

4.40 

6.0 

3.60 

5.5 

2.  95 

9 

7. 

0 

7.50 

17 

4 

4. 

80 

11. 

0 

6.00 

8.6 

4.30 

6.0 

3.50 

5.5 

3. 00 

10 

9 

3 

7.50 

16. 

8 

5. 

00 

IL 

8 

9.00 

8.0 

4.30 

6.0 

3.  40 

5.5 

.3. 05 

11 

9. 

4 

7. 00 

16 

4 

5 

00 

13 

8 

9. 00 

7.8 

4.20 

5.9 

3,  35 

5.5 

3.  10 

12 

10 

0 

6.50 

16 

0 

5 

90 

15. 

2 

9.00 

7.6 

4. 10 

5.9 

3.30 

5.5 

3. 15 

13 

11 

7 

6.00 

16 

5 

9. 

00 

15 

3 

8. 10 

7.6 

4.00 

5.8 

3.30 

5.5 

3.  25 

14 

12. 

2 

5.  40 

16 

9 

8. 

60 

14 

0 

6.60 

7.3 

4.00 

5.8 

3.  25 

5.4 

3.30 

15 

13. 

5 

5.00 

17 

5 

8. 

00 

12. 

8 

5.60 

7.0 

3.90 

5.8 

3. 25 

5.  4 

3.35 

16 

13. 

8 

5.00 

17 

7 

7. 

40 

12 

0 

5.30 

6.9 

3.90 

5.8 

3.25 

5.4 

3.  35 

17 

12. 

9 

.5.00 

16 

3 

7 

00 

11 

3 

5.00 

6.9 

3.  90 

5.8 

3.30 

5.3 

3.  35 

18 

U. 

8 

5.00 

15 

4 

6. 

20 

10 

5 

5. 00 

6.9 

3.90 

5.7 

3.30 

5.3 

3.40 

19 

12. 

4 

4.90 

14 

6 

6 

00 

10 

4 

4.90 

6.8 

3.90 

5.7 

3.30 

5.4 

3.  40 

20 

1.5. 

3 

4.  90 

14 

1 

5 

80 

9. 

7 

4.90 

6.8 

3.  90 

5.7 

3.  25 

5.4 

3.35 

21 

16. 

2 

4.80 

13 

9 

5. 

60 

9. 

5 

4.90 

6.8 

3.80 

5.9 

3.20 

5.5 

3.35 

22 

16. 

8 

4.80 

13 

3 

5. 

50 

13. 

1 

5.00 

6.8 

3.80 

5.9 

3.15 

5.5 

3.  35 

23 

17 

0 

4.80 

13 

3 

5 

30 

13 

2 

5.00 

6.7 

3.80 

5.9 

3. 10 

5.5 

3.  35 

24 

17. 

8 

4.80 

0 

00 

13. 

4 

4.  90 

6.5 

3.  75 

5.9 

3. 05 

5.5 

3.  35 

25 

18. 

0 

4.80 

1^ 

5 

80 

12. 

7 

5. 10 

6  2 

3.  70 

5.8 

3.00 

5.5 

3.30 

26 

18. 

2 

4.80 

12 

0 

4. 

90 

Tl. 

1 

5.  40 

6.0 

3.70 

5.7 

3.  00 

5.4 

3.  40 

27 

18. 

2 

4.80 

11. 

8 

4. 

90 

10. 

3 

5.50 

6.0 

3.  CO 

5.7 

3. 00 

5.4 

3.  40 

28 

18. 

3 

4.80 

11 

4 

4. 

90 

9. 

1 

5.40 

6.0 

3.50 

5.6 

2.  95 

5.3 

3.  40 

29 

19. 

0 

4.80 

n. 

1 

4. 

80 

8. 

4 

5.40 

5.9 

3.50 

5.5 

2.  95» 

5.2 

3.  45 

30 

19. 

7 

4.80 

10. 

8 

4.60 

8. 

3 

5.40 

6.0 

3.50 

5.5 

2.  90 

5. 1 

3.  45 

.SI 

10. 

5 

4.  60 

6.0 

3.  45 

5.5 

2.95 

After  heavy  rains  the  land  was  .saturated  in  places,  some  wheat 
fields  being  covered  with  water  to  "  depth  of  3  or  more  inches  and  many 
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of  the  roads  impassable.  The  same  condition  prevailed  on  the  IMinne- 
sota  side  of  the  river.  The  levels  above  given  show  that  during  this 
time  there  was  ample  capacity  for  water  in  the  Red  River  and  also  in 
its  several  tributaries.  It  is  safe  to  say  that  had  the  land  been 
traversed  with  proj^erly  located  ditches  of  sufficient  size,  the  river 
would  have  afforded  all  the  outlet  capacity  required  without  causing 
an  overflow  of  its  baliks  at  any  point.  This  can  not  be  said  of  the 
eai'ly  spring  floods  caused  by  rain  and  melting  snow.  The  volume  of 
water  delivered  to  the  river  at  these  seasons  is  frequently  greater 
than  during  the  summer.  The  channel  is  often  partly  filled  with 
snow  and  ice,  resulting  in  floods  which  damage  town  properties 
along  the  river  far  more  than  the  farms  situated  some  distance 
back  from  the  stream.  It  is  doubtful  if  any  improvement  of  the 
stream,  except  the  removal  of  bridge  piles  and  other  obstructions 
from  the  channel,  will  lessen  the  damages  from  the  spring  overflow 
of  the  river  along  the  borders  of  the  stream  unless  an  elaborate 
straightening  and  improvement  of  the  channel  be  carried  out.  Such 
improvements,  however,  are  not  essential  to  the  successful  operation 
of  drainage  ditches  during  the  growing  season  of  the  year. 

The  topography,  as  ascertained  by  the  survey  and  represented  on 
the  map,  merits  a  close  inspection.  The  slope  varies  in  direction  from 
south  and  east  to  east  and  north,  by  far  the  larger  area  having  the 
greatest  surface  slope  to  the  northeast.  The  river  banks  are  3  and  4 
feet  higher  than  the  general  level  of  the  land  a  short  distance  from 
the  stream.  Parallel  to  the  river  and  1  to  2  miles  west  of  it  is  a  strip 
of  land  which  is  the  lowest  and  flattest  in  the  valley.  From  the  edge 
of  this  belt  the  valley  begins  to  rise  1  to  3  feet  per  mile,  and  the  slope 
increases  toward  the  western  limit  of  the  area  surveyed,  at  which 
point  it  is  not  uncommon  to  find  a  rise  of  15  to  20  feet  per  mile.  The 
slope  of  the  valley  parallel  to  the  general  direction  of  the  river  is  in 
many  localities  1  foot  or  less  per  mile.  It  is  not  uncommon  to  find 
small  tracts  with  a  slope  opposite  to  that  which  jH-evails  over  the  sur- 
rounding area.  In  the  southern  part  of  Cass  County  there  are  tliree 
distinct  basins  with  a  fall  nearly  due  north,  while  in  the  northern  part 
of  Walsh  County  there  is  an  area  which  slopes  to  the  south.  As 
a  rule,  the  general  direction  of  the  coulees"  and  streams  indicates  the 
direction  of  the  greatest  surface  slope.  The  banks  of  the  coulees, 
as  well  as  of  the  streams,  are  higher  than  the  surface  of  the  land  a 
short  distance  away.  This  peculiarity  is  caused  by  repeated  over- 
flows which  have  taken  place  during  the  formation  of  the  streams. 
The  current  of  each  stream,  which  is  highly  charged  with  sediment, 
is  slackened  when  it  overflows  the  banks,  depositing  the  larger  quan- 
tity of  sediment  where  the  water  first  leaves  the  channel.    This  occurs 


a  The  word  "  coulee  "  is  used  in  this  bulletin  in  its  local  sense. 
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year  alter  year,  gradually  raising  the  banks  above  the  level  of  the  sur- 
rounding prairie.  This  characteristic  of  coulees  greatly  restricts  their 
value  as  drainage  channels.  Both  streams  and  coulees,  which  are 
the  only  natural  water  channels,  are  usually  narrow,  crooked,  and 
obstructed  in  many  places  by  drift  and  growing  trees.  Trees,  par- 
tially undermined  by  erosion,  have  fallen  across  the  channels,  and  brush 
and  small  trees  grow  to  the  low-water  lines.  In  some  instances  piles 
for  highway  bridges  have  been  driven  in  such  positions  that  they 
gather  large  quantities  of  drift.  These  conditions,  in  addition  to  the 
crookedness  of  the  channels,  greatly  reduce  their  flood  capacity, 
though  of  course  they  occasion  no  serious  difficulties  during  low  water 
periods. 

A  passing  notice  should  be  given  to  the  attempts  that  have  been 
made  at  artificial  drainage.  With  few  exceptions,  the  ditches  so  far 
constructed  have  been  made  along  the  public  highways  by  means  of 
road  machines,  without  reference  to  regular  grades,  adequate  size,  or 
final  outlets.  They  are  not  satisfactory,  because  the}^  are  too  small 
to  serve  the  areas  to  be  drained,  and  frequently  overflow  at  points 
where  they  spread  their  waters  over  farm  land  which  occupies  a  lower 
level,  greatly  to  its  injury.  Attempts  have  been  made  to  increase., 
the  carrying  capacity  of  some  of  the  ditches  by  throwing  up  small 
levees  on  the  sides,  but  no  permanent  benefits  have  been  derived 
from  the  practice.  The  water  from  the  highlands  fills  the  ditches, 
which,  lacking  sufficient  size  and  outlet,  overflow  and  distribute  their 
water  over  a  wide  area  of  farm  lands.  Ignorance  in  regard  to  the 
surface  slope  has  led  to  faulty  location  of  many  drains,  resulting  in 
injury  rather  than  benefit  and  engendering  costly  litigation  and 
opposition  to  organized  drainage  improvement, 

TEMPERATURE. 

Records  of  temperature  have  been  kept  at  various  points  in  the 
valley  since  1859,  although  not  continuously.    According  to  the  re- 
ports of  the  United  States  Weather  Bureau,  the  Red  River  Valle 
is  both  the  warmest  region  in  the  summer  and  the  coldest  in  the  win 
ter  of  any  section  of  North  Dakota.    The  range  between  the  annua 
maximum  temperature  and  the  annual  minimum  temperature  i 
from  101°  to  141°  F.    The  extreme  maximum  occurs  from  June  t 
August,  ranging  from  101°  to  110°  above  zero.    The  extreme  mini 
mum  occurs  in  January  or  February,  ranging  from  34°  to  55°  belo 
zero.    However,  such  periods  of  extremes  do  not  occur  often,  an 
when  they  do  they  are  of  short  duration. 

The  seasons  are  rather  sharply  defined,  warm  weather  coming  i 
April,  when  the  mean  temperature  ranges  from  37°  to  46°,  and  in 
creases  on  the  average  over  one-half  degree  per  day  until  June,  whe 
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tlie  mean  ranges  from  63°  to  74°.  The  time  of  the  latest  kilHno;  frost 
in  the  spring  varies  from  March  17  to  June  24,  the  average  date  being 
about  May  14.  The  first  kilhng  frost  of  the  fall  varies  from  August  4 
to  September  30,  the  average  date  being  about  September  10.  Winter 
begins  in  November,  when  the  ground  usually  freezes  sufficiently  to 
stop  plowing. 

The  Red  River  was  closed  to  navigation  by  ice  in  the  years  1881 
to  1888  at  dates  varying  from  November  11  to  25,  and  in  the  years 
1895  to  1901  at  dates  varying  from  November  6  to  December  3, 
the  average  date  being  November  17,  while  navigation  opened  by  the 
river  being  free  from  ice  in  the  years  1881  to  1888  at  dates  varying 
from  April  12  to  24,  and  in  the  years  1895  to  1901  from  April  7  to 
April  18,  the  average  date  being  April  14. 

The  snowfall  varies  from  7  to  57  inches,  with  an  average  of  about 
24  inches.  Frost  has  been  found  in  the  ground  as  late  as  June  20, 
and  it  is  not  an  unusual  thing  for  the  ground  to  freeze  to  a  depth 
of  7  feet. 

The  spring  seeding  is  done  immediately  after  the  growing  season 
opens,  when  the  ground  is  thawed  to  a  depth  of  only  a  few  inches. 
The  valley  is  fully  exposed  to  all  air  currents.  Winds,  usually  light 
but  on  many  days  heavy,  are  moving  almost  continuously,  with 
variations  in  their  direction  to  every  point  of  the  compass. 

RAINFALL. 

It  is  a  matter  of  common  observation  that  wet  and  dry  seasons 
occur  in  cycles  of  greater  or  less  numbers  of  years.  The  precipita- 
tion for  a  number  of  years  in  succession  may  be  deficient  or  not  above 
the  normal,  during  which  time  little  or  no  artificial  drainage  is 
required.  Such  a  period  is  usually  followed  by  years  in  which  the 
rainfall  exceeds  the  average  or,  if  it  does  not,  the  moisture  conditions 
for  a  month  or  two  during  the  cropping  season  may  be  so  unfavor- 
able as  to  occasion  serious  loss  of  crops. 

The  rainfall  over  the  North  Dakota  watershed  of  the  Red  River 
from  1S95  to  1904,  inclusive,  which  is  important  in  considering  the 
drainage  of  the  valley  lands,  has  been  compiled  from  the  records  of 
the  United  States  Weather  Bureau  for  Milton,  Cavalier  County, 
Grand  Forks,  and  Power,  Richland  County.  These  records  are  given 
in  t!)(>  following  tables.  The  rainfall  records  for  1905  for  a  num- 
ber ol  other  stations  in  the  valley  are  also  given. 
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Total  rainfall,  number  of  days  of  rainfall,  and  maximum  rainfall  in  24  hours,  for  each 
month  of  the  years  1895  to  1904,  inclusive,  at  Power,  Richland  County,  N.  Dak. 


Month . 

1895. 

1896. 

1897. 

Total 
rainfall. 

Num- 
ber 
days 

of 
rain- 
fall. 

Maxi- 
mum 
rainfall 
in  24 
hours. 

Total 
rainfall. 

Num- 
ber 
days 

of 
rain- 
fall. 

Maxi- 
mum 
rainfall 
in  24 
hours. 

Total 
rainfall. 

Num- 
ber 

days 
of 

rain- 
fall. 

Maxi- 
mum 
rainfall 
in  24 
hours. 

January  

February  

March  

Inches. 
0. 75 

.52 
Trace. 
1.13 
1.04 
3. 26 
C.  36 
2. 94 
1.13 

.17 
1..31 

.18 

9 
4 

Inches. 
0. 20 
.  40 

Inches. 
0.66 
1.02 
1. 21 
4. 18 
3.23 
3.52 
1. 50 
2.02 
3.38 
1. 57 
1.83 
.25 

8 
6 
7 

14 

Inches. 

0. 25 
.80 
.60 

1. 55 

Inches. 
0. 65 
1. 10 

.55 
Trace. 

.88 
0. 20 
7.54 
1.01 

.22 
1.91 

.10 

.20 

5 
5 
3 

Inches. 
0. 30 
.60 
.40 

April  

6 
11 
8 
11 
10 
0 
4 
8 

.6] 
.49 
1.26 
2.25 
1.10 
.42 
.10 
.50 

May  

4 
11 

6 
5 
2 
3 
1 
3 

.51 
1.98 
3.80 
.43 
.12 
.70 
.10 
.10 

June  

July  

August  

September  

October  

November  

December  

5 
8 
9 
7 
6 
11 
3 

1.51 
.46 
.54 
2.73 
1. 16 
53 
.10 

Total  

18.79 

24. 37 

20.36 

Month. 


1898. 


Total 
rainfall. 


Num- 
ber 
days 

of 
rain- 
fall. 


Maxi- 
mum 
rainfall 
in  24 
hours. 


1899. 


Total 
rainfall. 


Num- 
ber 
days 

of 
rain- 
fall. 


Maxi- 
mum 
rainfall 
in  24 
hours. 


1900. 


Total 
rainfall. 


Num- 
ber 
days 

of 
rain- 
fall. 


Maxi- 
mum 
rainfall 
in  24 
hours. 


January. . . 
February. . 
March . .'. . . 

April  

May  

June  

July  

August  

September. 

October  

November. 
December. . 


Total. 


Inches. 


Inches. 


Inches. 


Inches. 


0.20 
.35 
2.81 
2.31 
2. 36 
3.39 
2.  52 
.72 
1.10 
.40 
.02 


0. 10 
.20 

1.90 
.82 
.81 

2.28 

1.19 
.32 
.80 
.40 
.02 


0. 25 
1. 65 

.50 
2.63 
4.14 
2.3U 
2. 92 

.72 

.96 
Trace. 

.20 


0. 10 
.40 
.30 
.96 
1.12 
1. 10 
1.20 
.51 
.46 


.20 


Inches. 
0. 22 
.37 
.61 
1..32 
.61 
2. 39 
.87 
6. 04 
2.88 
1.94 
.46 
.25 


Inches. 
0. 07 
.15 
.46 
.73 
.27 
.54 
.69 
1.71 
1.06 
.70 
.10 
.20 


17.96 


Month. 


January  

February . . . 

March. .'  

April  

May  

June  

July  

August  

September. . 

October  

November. . 
December . . 

Total. 


1901. 


Total 
rain- 
fall. 


Inches. 
0. 32 

.20 
1.20 
1.70 

.17 
5.  78 
8.14 
1.33 
3  01 
3.24 

.20 

.82 

26.11 


Num- 
ber 

days 
of 

rain- 
fall. 


Maxi- 
mum 

rainfall 
in  24 

hours. 


Inches. 

0.  10 
.20 
.47 
.84 
.07 

1.  44 
6. 36 

.35 
1.82 
2.17 
.20 
.60 


1902. 


Total 
rain- 
fall. 


Inches. 
0. 35 

.66 
1.78 
2. 17 
3.86 
2. 06 
1.73 
3.56 

.65 
4.81 

.25 

.40 

22.88 


Num- 
ber 

days 
of 

rain- 
fall. 


Maxi- 
mum 
rainfall 
in  24 
hours. 


Inches. 

0.  15 
.40 
.70 

1.  41 
.88 
.75 

1. 10 
1.05 
.30 
2.25 
.25 
.30 


1903. 


Total 
rain- 
fall. 


Inches. 
0. 70 
.92 
.40 
1.34 
3.23 
.74 
2,82 
4.29 
2. 76 
.97 
.10 
.10 

18.37 


Num- 
ber 

days 
of 

rain- 
fall. 


Maxi- 
mum 

rainfall 
in  24 

hours. 


Inches. 

0.50 
.60 
.10 
.52 

1.71 
.16 
.87 

1.10 

1. 26 
.40 
.10 
.05 


1904. 


Total 
rain- 
fall. 


Inches. 
0. 32 
.85 
.82 
2.82 
1.01 
7.59 
3.22 
.71 
3.21 
1.62 
.02 
.75 

22.94 


Num- 
ber 

days 
of 

rain- 
fall. 


Maxi- 
mum 

rainfall 
in  24 

hours. 


Inches 

0.15 
.25 
.50 

1.27 
.37 

1.90 
.98 
.2 

1.20 
.7 
.0 
.30 


July  5  to  7,  1895,  inclusive,  4.09  inches  fell. 
July  19  to  20,  1897,  inclusive,  6.55  inches  fell. 
October  23  to  25,  1902,  inclusive,  4.26  inches  fell. 
April  7  to  8,  1904,  inclusive,  2.47  inches  fell. 
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Total  rninfall.  number  of  days  of  rainfall,  and  nia.ciinum  rainfall  in  24  hours,  for  each 
month  of  the  years  1895  to  1904.  inclusive,  at  University,  Grand  Forks,  A".  Dak. 


Total 
rainfall. 


1895. 

Num- 
ber 
days 

of 
rain- 
fall. 


Inches. 

0.  31 
3.00 

.05 
.93 
1.94 
6.  74 
2.69 

1.  54 
1.57 

.56 
1.58 
.34 


Maxi- 
mum 
rainfall 
in  24 
hours. 


Inches. 
0. 18 
2.00 
.05 
.51 
.84 
1.50 
1. 13 
.36 
.72 
.40 
.53 


Total 
rainfall. 


Inches. 

0.  50 
.15 
.  46 

5.69 
7.  92 
2.25 
.53 

1.  53 
1.39 

1.  12 

2.  10 
.50 


Num- 
ber 
days 

of 
rain- 
fall. 


Maxi- 
mum 
rainfall 
in  24 
hours. 


Total 
rainfall. 


Inches. 
0.20 
.10 
.40 
1.06 
3. 13 
.69 
.20 
.40 
.43 
.80 
.60 
.30 


Inches. 

0.  65 
.92 
.78 
.56 

1.  76 


6.  44 
1.72 
.10 
.85 
.29 
.  24 


1897. 

Num- 
ber 
days 

of 
rain- 
fall. 


21.25 


24.  14 


Maxi- 
mum 
rainfall 
in  24 
hours. 


Inches. 
0.25 
.30 
.40 
.12 
.72 


3.85 
1.33 
.10 
.55 
.  14 
.  18 


Total 
rainfall. 


Inches. 
0. 10 
.86 
..'57 
4.  16 
2.32 
6.80 
3.76 
1.35 
2.  26 
1.23 
Trace. 
.50 


Num- 
ber 
days 

of 
rain- 
fall. 


Maxi- 
mum 
rainfall 
in  24 
hours. 


Inches. 

0.04 
.  40 
.40 

3.  48 
.90 

3.00 

2.  .50 
.37 
.92 

1.00 


.30 


23.91 


1899. 


Total 
rainfall. 


Inches. 
0.  00 
.  10 
.60 
4.20 
6.  11 


2. 10 
1..55 


1.55 
.39 
.50 


Num- 
ber 
days 

of 
rain- 
fall. 


Maxi- 
mum 
rainfall 
in  24 
hours. 


Inches. 

0.  30 
.  10 
.30 

1.  74 
1.  78 


1.  50 
.65 


1.25 
.  15 
.30 


1900. 


Total 
rainfall. 


Inches. 

0.  11 
.  27 
!35 

1.  22 
.25 
.88 

1. 17 
6.98 
4.90 
2.81 
.90 
.20 


20.04 


Num- 
ber 

days 
of 

rain- 
fall. 


Maxi- 
mum 
rainfall 
in  24 
hours. 


Inches. 
0.  05 
.08 
.  15 
.63 
.20 


.70 
2.  25 
2.21 
1. 10 
.  60 
.20 


Month. 


.January  

February. . . 

March  

.\pril  

May  

.Tuno  

.Inly  

.\ugust  

Septcmlier. . 

October  

November. . 
December. . . 

Total. 


1901. 


Total 
rain- 
fall. 


Num- 
ber 

days 
of 

rain- 
fall. 


Inches.' 


0.20 
.65 

2.06 
.28 

8.47 

4. 18 


1.  55 
Z21 
.24 
.  71 


Maxi- 
mum 

rainfall 
in  24 

hours. 


1902. 


1903. 


Inches. 


0.20 
.20 


.15 
1.  51 


1.13 
1.33 
.16 
.35 


Total 
rain- 
fall. 


Inches 
0.31 
.59 
1.74 
2.  46 
3.88 
2.09 
2.94 
3. 15 
2.08 
1.98 
.32 
.46 


Num- 
ber 

days 
of 

rain- 
fall. 


3 
7 
9 
5 
11 
10 
4 
12 
9 
6 
5 


Maxi- 
mum 

rainfall 
in  24 

hours. 


Num- 

l'"*^'  '  days 
rain-  '^^J^ 

f^"-  rain- 
fall. 


Inches. '  Inches. 
0. 13  I   0.  70 


.25 
.97 
1.30 
1.62 
.  80 
1.  22 
1.  46 
.55 
.99 
.17 
.10 


22.00   17.69 


.  10 
.51 
.75 
1.85 
.  49 
2. 12 
4.02 
.3.  55 
1.95 
.60 
1.05 


Maxi- 
mum 

rainfall 
in  24 

hours. 


Inches. 
0.20 
.05 


.55 
.90 
.  19 
1.08 
1.20 
1.  95 
1.  60 
.30 
.50 


1904. 


Total 
rain- 
fall. 


Inches. 

0.  30 
1. 10 
1.08 

1.  53 
1.70 
5.  64 
2.01 
2.79 
1.  91 
2.49 

Trace 
.43 


20.98 


Num- 
ber 

days 
of 

rain- 
fall. 


Maxi- 
mum 

rainfall 
in  24 

hours. 


Inches. 


0.  30 
.30 

.80 
..50 

1.  40 
.71 

1.  .55 
.52 
1.  66 


.20 


April  25  to  28,  1900,  inclusive,  2.22  inches  fell. 
August  4  to  10,  1900,  inclusive,  5.95  inches  fell. 
32380— No.  189—07  3 


18 


Total  rainfall,  number  of  days  of  rainfall,  and  the  maximum  rainfall  in  24  hours,  for 
each  month  of  the  years  1895  to  1904,  inclusive,  at  Milton,  Cavalier  County,  N.  Dak. 


Month. 

1895. 

1896. 

1897. 

Total 
rainfall. 

Num- 
ber 
days 

of 
rain- 
fall. 

Maxi- 
mum 
rainfall 
in  24 

hours. 

Total 
rainfall. 

Num- 
ber 

days 
of 

rain- 
fall. 

Maxi- 
mum 
rainfall 
in  24 
hours. 

Total 
rainfall. 

Num- 
ber 
days 

of 
rain- 
fall. 

Maxi- 
mum 
rainfall 
in  24 
hours. 

January  

Februarj'  

Inches. 

0.  50 
.05 
.  10 

1.  75 
3. 97 
5.80 
3.  30 
2.68 
1.  30 

4 

2 
1 
4 

10 
11 

I 

0 

I 

6 

Inches. 

0.  10 
.05 
.  10 
.75 

1.  00 
1. 00 
1. 10 

.90 
1.  30 
.  10 
.  15 

Inches. 

0.  50 
.40 

1.67 

7.  43 

8.  .51 
4.85 
1.75 
2.90 

1.  55 
.00 

2 
2 
9 
10 
16 
9 
4 
6 
5 

Inches. 
0.  30 
.30 
.40 
2.50 
2.61 
2.20 
.65 
2.00 
1. 10 

Inches. 
0.  65 
1. 10 
1.00 

5 

Inches. 
0. 20 

Ma  rch  

April  

Ma  y  

Trace. 
2.  77 
G.  95 
1.20 
Trace. 
1. 00 
.40 
.20 

June  

July  

August  

September  

10 
10 
4 

.  67 

4.  50 
.  CO 

October  

.  11 
.60 
.60 

4 
3 

2 

.40 
.20 
.  10 

November  

December  

2.00 
.55 

11 

.60 

Total  

20.76 

32.11 

Month. 

1898. 

1899. 

1900. 

Total 
rainfall. 

Num- 
ber 

days 
of 

rain- . 
fall. 

Maxi- 
mum 
rainfall 
in  24 
hours. 

Total 
rainfall. 

Num- 
ber 

days 
of 

rain- 
fall. 

Maxi- 
mum 
rainfall 
in  24 
hours. 

Total 
rainfall. 

Num- 
ber 
days 

of 
rain- 
fall. 

Maxi- 
mum 
rainfall 
in  24 
hours. 

;  Inches. 

.January   0.30 

February   .40 

March   .50 

April  '  .88 

Mav   

2 
2 
4 
5 

Inches. 
0.  20 
.30 
.20 
.30 

Inches. 

0.50 
.40 
.90 

3.  00 

2.  70 

3.  35 
3.  30 
.3.  85 
1.60 
1.75 

.45 
.20 

3 
3 
6 
8 
6 
8 
3 
8 

Inches. 
0.30 
.20 
.20 
.80 
.75 
.90 
2.00 
1. 00 

Inches. 

0.  20 
..30 
.50 
.60 
.10 

1.  35 
3.  80 
4.05 
7.30 

.80 

2 

; 

1 
5 
5 
11 
9 
4 

Inches. 

0.  10 
.20 
.20 
.  50 
.10 
.  75 

2.  SO 

1.  50 
1.  90 

.  40 

June  

July  

August  

September  

3.70 
2.  42 
1.  70 
2.75 
1.11 
.90 
.30 

6 
4 
3 
5 
5 
4 
2 

1.50 
1. 00 
.90 
.90 
.29 
.30 
.20 

October  

November  

4 

2 

.90 

.40 

December  

Total  

2  ,  .10 

.40 

3 

.20 

22.00 

1 

Month. 


January . . . 
February. . 

March  

April  

May  

June  

July  

August  

September. 

October  

November. 
December. . 


1901. 


Total, 
rain- 
fall. 


In. 

0.  GO 
.  40 

1.  65 
.93 
.20 

6. 10 
5.23 


Num- 
ber 

days 
of 

rain- 
fall. 


2.30 
.55 
.02 
.23 


Total  1   17.94 


Maxi- 
mum 

rainfall 
in  24 

hours. 


Inches. 
0. 30 
.40 
.80 
.50 
.20 
1. 15 
3. 00 


1.  02 
.20 
.02 
.10 


1902. 


Total 
rain- 
fall. 


In. 

0.  01 
.98 

3. 23 
.54 
4.98 
3. 17 

1.  49 
.64 

1.  26 
.80 
.26 
.58 


Num- 
ber 

days 
o"f 

rain- 
fall. 


Maxi- 
mum 
rainfall 
in  24 
hours. 


Inches. 

0.  01 
.40 
.99 
.40 

2.25 

1.  08 
.71 
.20 
.35 
.38 
.10 
.20 


1903. 


Total 
rain- 
fall. 


In. 

0.44 
.20 
.40 


Num- 
ber 
days 

of 
rain- 
fall. 


2.04 
1.  65 
1. 01 
4.76 
2.65 
1.63 


Maxi- 
mum Total 

rainfall  rain- 
in  24  j  fall. 

hours. 


1904. 


Inches.'  In. 


0.10 
.20 


.68 
.83 
.57 
.92 
1.30 
1.60 


2.78 
1.  94 

&23 
4.27 
1.  81 
1. 76 
1.56 


Trace. 


Num-| 
ber 


Maxi- 
mum 
^"ys' rainfall 
in  24 
hours. 


of 
rain- 
fall. 


Inches. 


7 
2 

4 : 

2  1 


2.33 
.74 
3. 13 
2.00 
1.  76 
1.  65 
1.  50 


22. 35 


April,  1896,  28  to  30,  inclusive,  5.25  inches  fell. 
May,  1896,  16  and  17,  inclusive,  3.21  inches  fell. 
September,  1903,  U  and  12,  inclusive,  2.34  inches  fell. 
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Monthly  precipitatinn  for  the  year  1905  at  various  points  in  the  North  Dakota  area  of 

the  Red  River  watershed. 


Station. 


Ainonia  

Coopcrstown 

Fargo  

Hamilton. . . 

Lisbon  

Mayville  

Miiito  

Power  

Pemliina. . . . 
Park  Uiver. . 
Univcr.sity  . . 
Wahpeton.. . 
WalhaUa.... 


Jan. 


In. 
0. 15 
.10 
.08 
.71 
.  10 
.  16 
.38 
.45 
.08 
.35 
.29 
.32 


Feb. 


In. 
0. 13 
.05 
.20 
.33 
.10 
.05 
.25 
.35 
.26 
.04 
.13 
.35 
Trace. 


Mar. 


In. 
0. 10 
1.05 

.51 
2.50 

.  45 

.61 
1.74 

.59 
2.02 
1.36 
2.  35 

.25 
1.81 


Apr. 


In. 

1.56 
.89 

1.28 
.41 

1.63 

1.22 
.41 

1.40 
.39 
.26 
.96 


Trace. 


May. 


In. 
5  45 
2.89 
5  77 
4  00 
5.  75 
3.66 
3.67 
6.09 
4.09 
3. 04 
3.89 
5.29 
3.67 


June. 


In. 

3.70 
5  00 
5.00 
5. 95 
5. 04 
5.34 
4.  55 
3.95 
4.46 
5.53 
4,  57 
5.20 
6.43 


July. 


In. 

4,  78 
4.85 
5.17 
1.96 
2.  51 
6.  85 
5.03 
4  74 

.92 
2.52 
5.49 
5.93 

.76 


Aug. 


In. 
5.30 
4  58 
6.82 
3.75 
2.85 
4.07 
6. 37 
6. 13 
2.33 
4  52 
4.  54 

3.' 14' 


Sept. 


In. 
1.24 

.98 
3.47 
1.56 

.63 


3.68 
1.87 
1.54 
3.62 
2. 81 
1.91 
1.97 


Oct. 


In. 
0  76 


1.  18 
.26 

1.03 
.42 
.16 
.92 
.69 

1.07 
.28 

1.57 
Trace. 


Nov. 


In. 
1.65 


3.06 
1.64 


1.83 
1.50 
.75 
1.64 
2.  35 
1.53 
1.98 


Dec. 


In. 
Trace. 


.05 
1.10 

Trace. 
.20 
.19 
.32 
.57 
.37 
.28 

Trace. 
1.10 


The  uneven  <listribiition  of  the  precipitation  is  notable.  Tliere  is 
one  record  of  6.3  inches  and  three  of  4  inches  in  24  hours.  There  are 
niaxiiniun  monthly  rainfalls  of  5|  to  8^  inches,  where  the  nornial 
is  only  2  to  3  inches.  In  the  Grand  Forks  record  for  the  year  1900 
it  is  noted  that  from  January  to  July,  inclusive,  the  rainfall  was  only 
41  inches,  while  for  the  following  months  of  August  and  September 
it  was  11.88  inches,  the  precipitation  for  the  entire  vear  being  only 
20.04  inches. 

A  further  study  of  the  rainfall  records  discloses  a  fact  not  usually 
recorded— that  the  maximum  and  monthly  precipitation  during  the 
cropping  season  in  the  valley  is  not  far  different  from  that  in  the 
northern  portions  of  the  Mississippi  and  Ohio  River  valleys,  where 
the  annual  rainfall  is  98  to  44  inches  and  in  which  territory  the  drain- 
age of  all  level  lands  is  essential  to  their  profitable  agricultural  use. 
The  rainfall  at  Fargo  during  May,  June,  July,  and  the  first  fifteen 
days  of  August,  1905,  was  4.10,  5,  5.17,  and  5.14  inches,  respectively, 
and  the  maximum  monthly  precipitation  for  the  same  months  during 
the  ten  years  preceding  was  4.15,  5.91,  8.24,  and  8.28  inches.  The 
record  kept  at  Wooster,  Ohio,  from  1888  to  1902,  a  period  of  fifteen 
years,  shows  the  maximum  monthly  rainfall  to  range  between  4.21 
and  8.05  inches,  and  the  annual  between  30  and  54.2  inches.  The 
annual  rainfall  in  the  Genesee  A'alley,  New  York,  from  1890  to  1898, 
ranged  between  30  and  47.8  inches  and  averaged  40.33  inches.  The 
largest  monthly  rainfall  recorded  between  1882  and  1903  is  7.77 
inches.  This  shows  that  the  maximum  monthly  rainfall  during  the 
growing  season  is  at  times  as  great  as  it  is  in  States  where  the  annual 
rainfall  is  one-third  greater. 

A  condition  affecting  the  drainage  of  the  valley  lands  in  the  spring 
season,  but  which  does  not  appear  from  the  rainfall  record,  makes 
artificial  drainage  a  necessity  even  during  seasons  of  well-distributed 
summer  rainfall.  The  snowfall  ranges  from  7  to  57  inches  in  depth. 
The  opening  of  spring  accompanied  by  the  usual  rainfall,  causes  the 
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snow  to  melt  with  greater  or  less  rapiditj'^,  bringing  to  the  stream 
and  to  the  land  the  water  accumulated  from  these  two  sources. 
Nearly  all  of  this  must  pass  over  from  the  frozen  surface,  giving  a 
very  high  percentage  of  run-off.  Wheat  is  sown  as  early  in  the  spring 
as  the  soil  is  in  condition  to  receive  the  seed,  and  while  the  frost  is 
still  in  the  ground.  The  failure  to  remove  the  early  spring  water 
from  the  surface  results  in  a  delay  in  seeding,  making  late  wheat, 
which  is  frequently  frosted  in  the  fall  before  it  can  ripen.  The  run-off 
at  this  season  is  more  rapid  than  during  the  summer,  since  it  passes 
over  the  frozen  surface.  If  checked  by  obstructed  ditches  it  spreads 
over  the  adjacent  fields,  filling  every  depression,  so  that  at  no  time 
of  the  year  is  there  a  greater  need  for  ditches  so  located  as  to  remove 
the  surface  water  from  these  depressions. 

The  fallacy  of  using  the  average  run-off  data  and  normal  rainfall 
records  in  determining  the  size  of  drainage  channels  that  should  be 
provided  has  been  demonstrated  in  almost  every  region  where  drain- 
age of  large  areas  has  been  attempted.  The  maximum  water  con- 
ditions must  be  met  instead  of  either  the  average  or  usual.  It  is 
frequently  stated  that  the  soil  of  the  valley  has  so  large  a  capacity 
for  water  during  the  summer  months  and  the  evaporation  from  the 
surface  is  so  great  that  little  or  no  artificial  drainage  is  required  for 
these  lands.  Observation  has  repeatedly  shown  this  conclusion  to 
be  erroneous.  The  State  is  indebted  to  its  experiment  station  for 
careful  observations  along  this  line,  which,  when  interpreted  with 
reference  to  land  drainage,  give  us  information  of  value  bearing 
directly  upon  this  question.  The  weight  and  water  capacity  of  the 
soil  . at  the  State  station,  which  ma}^  be  regarded  as  fairl}^  representa- 
tive of  the  valley,  is  given  in  a  bulletin  now  out  of  print,  as  follows: 

Weight  and  water  capacity  of  typical  Red  River  Valley  soil. 


Depth  of 
sample. 

Weight  per 
cubic  foot. 

Water  ca- 
pacity, vol- 
ume. 

Inches. 

Pounds. 

Per  cent. 

1-  6 

47.05 

73.59 

&-12 

65.19 

66. 77 

12-24 

78. 07 

64.  48 

24-36 

84. 31 

61.99 

36-48 

99.  44 

59.  24 

The  average  Aveight  of  the  first  3  feet  of  soil,  as  ascertained  by 
these  experiments,  is  72.8  pounds  per  cubic  foot.  This  is  the  weight 
the  soil  after  all  moisture  has  been  removed.  Its  capacit}^  for 
water  is  65.5  per  cent  of  its  volume  and  represents  the  volume  of 
water  which  an  oven-dried  soil  will  absorb  in  coming  to  a  state  of 
complete  saturation. 

The  surface  black  loams  of  the  bottom  lands  of  many  of  the  rivers 
of  Illinois  and  Iowa  will  hold  about  56  per  cent  of  water  by  volume 
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and  the  first  3  feet  in  depth  about  52  per  cent  of  water  when  fully 
saturatetl.    Tlie  per  cent  most  favorable  to  the  growth  of  plants  in 
both  North  Dakota  and  Illinois  soils  is  approximately  32  per  cent 
volume.    When  the  top  6  inches  in  depth  of  both  varieties  of 
soil  is  saturated  the  former  contains  41  per  cent  and  the  latter  24  per 
cent  jnore  than  is  required  for  the  best  growth  of  crops,  and  this 
should  be  removed  by  drainage  or  by  evaporation.    This  saturation 
does  no  injury  to  ordinary  field  crops  if  the  surplus  begins  to  move 
away  promjjtly  and  continues  to  do  so  until  a  favorable  state  of  soil 
moisture  is  reached,  provided  this  is  accomplished  within  a  few  days. 
However,  stagnation  of  water  in  the  soil  is  always  injurious.  It 
will  be  seen  that  the  North  Dakota  soil  will  contain  a  larger  per- 
centage of  water  than  many  others  before  it  becomes  saturated,  but 
when  once  in  this  condition  the  prompt  removal  of  the  excess  is 
more  urgent  than  it  is  for  soils  with  less  water  capacity.  Drainage 
should,  as  far  as  possible,  prevent  the  complete  saturation  of  the 
soil.    Open  ditches  assist  in  doing  this  by  removing  the  excess  from 
the  surface  })efore  it  passes  to  the  lower  soil.    This  process  supplies 
the  lower  soil  with  such  moisture  as  is  necessary  and  at  the  same 
time  removes  a  part  of  the  surj)lus,  so  that  the  .surface  is  kept  in  a 
fruible  condition  under  the  ordinary  amount  of  precipitation.  There 
are  times  when  the  precipitation  is  so  heavy  and  continuous  that 
both  soil  and  subsoil  become  fully  saturated,  jjroducing  conditions 
that  necessitate  providing  for  the  surface  flood  run-off  by  adequate 
ditches. 

J  EVAPORATION. 

Measurements  were  made  at  the  agricultural  college  at  Fargo  to 
determine  the  daily  loss  from  a  water  surface  by  evaporation.  These 
were  made  from  1902  to  1905,  inclusive,  from"  May  to  September  of 
each  year,  and  the  results  are  somewhat  remarkable.  The  following 
averages  compiled  from  the  tables  of  evaporation  and  rainfall  at 
that  place  for  the  same  time  show  their  relation : 

Rainfall  and  evaporation  at  Fargo,  N.  Dak.,  1902-1905. 


Averagp  monthly  evaporation 

.\veragc  niontlilv  rainfall  

^■^cess  of  average  monthly  evaporation  over" rain 

Average  daily  evaporation  

Average  daily  rainfall  

Excess  of  average  dally  evaporation  over  raiiiiaU. . '. 


May. 

June. 

July. 

August. 

Inches. 

Inche-f. 



Inches. 

Inches. 

5.  .390 

6.  330 

8.240 

7,  450 

3. 610 

3. 120 

3.  .320 

3.  750 

1.780 

,3. 210 

4.920 

3. 700 

.174 

.211 

.266 

.240 

.116 

.104 

.107 

.120 

.058 

.107 

.159 

.  120 

Septem- 
ber. 


Inches. 
3.430 
3. 290 

.  140 
.114 
.110 
.004 


These  evaporation  tables,  like  many  others  which  are  quoted  in  con- 
nection with  rainfall,  may  easily  lead  to  erroneous  conclusions.  They 
show  that  loss  by  evaporation  is  con.siderably  in  excess  of  the  rainfall. 
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It  should  be  remembered  that  these  are  measurments  of  loss  from  a 
water  surface  under  most  favorable  conditions  for  evaporation.  No 
experiments  at  the  college  have  determined  this  loss  from  a  soil  sur- 
face. From  a  study  of  the  voluminous  tables  it  is  seen  that  on  9  per 
cent  of  the  total  number  of  days  there  was  not  sufficient  evaporation 
to  be  recorded,  while  on  the  others  it  varies  from  0.01  to  0.99  inch. 
On  53  per  cent  of  the  total  number  of  days  there  was  no  rainfall, 
while  on  others  it  varies  from  a  trace  to  2.17  inches.  Apparentl}" 
there  is  no  relation  between  the  daily  evaporation  and  the  rainfall. 
Since  humid  days  are  unfavorable  for  evaporation,  and  windy  days 
are  highly  favorable  to  it,  it  can  be  readily  seen  that  a  sultry  day  might 
not  furnish  any  records  of  either  evaporation  or  rainfall,  while  a  heavy 
rainstorm  lasting  for  several  hours,  followed  by  winds,  would  give  a 
large  precipitation  and  evaporation  record  for  the  same  24-hour 
period.  The  evaporation  records  show  that  the  air  has  a  great  avidity 
for  moisture  at  certain  times,  suggesting  the  wisdom  of  preventing  this 
loss  from  a  comparatively  dry  surface,  while  experience  demonstrates 
it  is  only  an  uncertain  aid  in  removing  excessive  rainfall  or  water  from 
overflow,  and  fails  at  a  time  when  most  needed. 

SIZE  OF  DITCHES. 

The  size  of  ditches  used  for  the  drainage  of  agricultural  lands  is 
more  frequently  determined  by  the  ability  of  landowners  to  construct 
them,  or  by  the  limits  imposed  upon  them  by  legal  difficulties  than  hj 
the  physical  conditions  which  must  be  met.  Arguments  in  support  of 
a  ditch  of  inadequate  size  may  appear  at  times  quite  plausible  for  the 
reason  that  rainfall  is  variable,  both  as  to  the  amount  of  precipitation 
at  any  one  time  and  as  to  its  continuation  during  an  important  period 
of  the  cropping  season.  Ditches  work  no  injury  during  the  time  they 
are  not  needed,  but  are  a  necessity  at  other  times,  their  value  at  such 
times  being  measured  by  their  ability  to  receive  the  surplus  water 
necessary  to  save  the  land  and  crops  from  injury. 

It  is  convenient  to  consider  the  volume  of  water  to  be  removed  by 
drains  in  twenty-four  hours  at  a  certain  depth  expressed  in  fractions 
of  an  inch  over  the  entire  area.  This  is  represented  in  computations 
by  cubic  feet  per  second  which  will  be  required  to  remove  the  unit  of 
depth  from  1  square  mile  or  1  acre  in  twenty-four  hours.  This  unit 
of  drainage  run-off  is  not  the  same  for  all  parts  of  a  watershed  but  is 
greater  for  small  areas  than  larger  ones  and  for  the  upper  part  of  a 
drainage  basin  than  for  the  lower.  It  must  be  determined  by  com- 
paring the  conditions  prevailing  in  areas  which  have  been  successfully 
drained  with  those  in  the  area  for  which  it  is  desired  to  fix  a  unit. 

After  comparing  the  requirements  of  this  valley  with  those  of  other 
areas,  taking  into  consideration  the  rainfall,  climate,  and  topography 
of  the  region,  the  unit  fixed  upon  for  computing  the  required  capacity 
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of  main  drains  is  one-quarter  inch  in  deptli  for  the  drainaoje  outlet  of 
25  square  miles  or  16,000  acres,  increasing  for  smaller  areas  and 
decreasing  for  larger  ones  in  the  ratio  given  in  the  following  table: 


Drainage  coefficients  used  in  computing  size  of  ditches. 


Square 
miles. 

,\cre9. 

Amount  of 
water  to  be 
removed 
per  acre 
per  sec- 
ond =C. 

Square 
miles. 

Acres. 

Amount  of 
water  to  be 
removed 
per  acre 
per  sec- 
ond =  C. 

Square 
miles. 

Acres. 

Amount  of 
water  to  be 
removed 
per  acre 
per  sec- 
ond=C. 

4  

2,560 
3,200 
3,840 
4,480 
5,120 
5.760 
6,400 
7,040 

Cvbic  feet. 
0.0210 

22  

14,080 
14, 720 
15,360 
16, 000 
16,640 
17,280 
17,920 
18, 560 
19, 200 
19,840 
20. 480 
21. 120 
21.760 
22. 400 
33. 040 
25. 600 
32, 000 
46,080 

Cubic  feet. 

75  

48,000 
64,000 
69, 120 
92, 160 
115, 200 
128,000 
138, 240 
161,280 
184, 320 
192,000 
207, 360 
230, 400 
256,000 
320,000 
384,000 
512.000 
640,000 

Cubic  feet. 
0. 0092 
.0090 

5  

23  

100  

.0184 

24  

108  

7  

25  

0. 0105 

144. 

8  

.0175 

26  

180  

9  

27  

200  

.0080 

10  

.0157 

28  

216  

11  

29  

252  

12  

7.680 
8,320 
8,960 
9.600 
10.240 
10.880 

30  

.0104 

288  

31  

300  

.0076 

14  

32  

324  

.0131 

33  

360  

Hi  

34  

400  

.0073 
.0071 
.0070 
.  0069 
.0064 

17  

35  

500  

18  

11,520 
12, 160 
12,m 
13, 440 

600  

19  

40  

.0100 
.0097 

800  

20  

.0120 

50  

1,000 

21  

72  

This  table  expresses  the  discharge  in  cubic  feet  per  second  per  acre 
to  be  used  in  determining  the  capacity  of  ditches  required  for  the 
several  areas  opposite  them.    Figure  1  shows  these  quantities  platted 


NUMBER  OF  SQUARE  MILES 


Fig.  1.— Curves  showing  relation  between  flooded  areas  and  depth  of  water  to  bn  removed  in  Red 

River  Valley.  North  Dakota. 

.SO  as  to  represent  the  law  of  flow  graphically.  The  coefficients  given 
in  the  table  wliich  follows  express  the  flood  run-off  of  the  valley  on  the 
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IVIinnesota  side  as  estimated  by  Mr.  J.  T.  Fanning  in  1886.  They  are 
computed  by  the  formula 

C=MOM 

in  wliich 

C=  cubic  feet  per  second. 
M=  square  miles  of  drained  area. 
Volume  of  flood  run-off  in  Red  River  Valley,  estimated  by  J.  T.  Fanning. 


square 
miles. 


Miles. 


Approxi- 
mate flood 

flow  per 
second  per 
acre. 

Area  iii 
square 
miles. 

Approxi- 
mate flood 

flow  per 
second  per 
acre. 

Area  in 
square 
miles. 

Approxi- 
mate Sood 

flow  per 
second  per 
acre. 

Cubic  foot. 
0. 0188 
.0175 
.0168 
.0163 
.0157 
.0152 

ifiles. 

10  

15  

20  

25  

30  

40  

Cubic  foot. 
0. 0149 
.  0143  i 
.  0139 
.  0136 
.  0133  1 
.0130 

Miles. 

50  

75  

100  

200........ 

300  

400  

Cubic  foot. 
0.0127 
.0122 
.0120 
.0110 
.0106 
.0103 

Approxi- 
Area  in     mate  flood 
square     :  flow  per 
miles.      .  second  per 
acre. 


Miles. 

500  

COO  

800  

1,000... 


Cubic  foot. 
0. 0101 
.0010 
.00099 
.00094 


The  second  curve  in  figure  1  is  platted  from  the  coefficients  given 
and  is  here  presented  to  show  graphically  the  law  of  flow  and  run-off 
under  the  different  conditions  of  drainage. 

The  following  formula  has  been  used  in  determining  and  propor- 
tioning the  size  of  the  ditches  for  areas  of  1,000  acres  and  over. 
For  areas  less  than  1,000  acres  the  size  of  ditch  is  not  increased, 
since  experience  has  shown  that  it  is  not  practical  to  use  a  smaller 
one  in  this  land,  considering  its  first  cost  and  that  of  subsequent 
maintenance.  The  formula  is  applicable  to  ditches  in  good  condition 
and  within  the  limits  of  size  of  those  required  in  this  territory. 


Q 


in  which 

^  =  discharge  in  cubic  feet  per  second, 
a  =  area  of  cross-section  of  waterwa}", 
p  =  wet  perimeter, 
/  =  fall  in  feet  per  mile. 

Q 

in  which 

Ji  =  number  of  acres  drained. 
(7=  coefficient  from  table  on  page  23. 
A  trial  size  of  ditch  at  a  certain  point  should  be  assumed,  in  which 
the  water  at  ordinary  flood  stage  may  flow  at  a  certain  height  without 
injury  to  adjoining  land  and  the  value  of  Q  found  by  the  formula. 
This  value  divided  hj  C  for  the  estimated  watershed  area  \vi\\  give 
the  value  of  A,  or  the  number  of  acres  which  the  assumed  ditch  will 
serve.    The  change  in  character  of  watershed  and  the  entrance  of  ; 
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tributary  streams  should  be  considered  in  connection  with  the  use  of 
the  formida  in  fixing  the  size  at  various  points.  This  formuhi  judi- 
ciously used  will  be  found  useful  to  engineers  and  others  in  modifying 
the  size  of  ditches  recommended  in  this  report  or  in  designing  other 
systems  so  that  the  relation  of  tributary  to  main  ditch  systems  may 
be  maintained.  A  caution  should  be  given  in  this  connection.  The 
tendency  of  drainage  boards  is  to  make  the  size  of  ditches  for  the 
larger  areas  too  small  for  the  work  required  of  them  at  times  of 
greatest  need.    It  should  be  remembered  that  the  saving  of  a  single 


NO  I    ROAD  AND   DRAINAGE  DITCH 


N0.2  SCRAPER  DITCH 


N04  MINIMUM  DITCH 


Fig.  2.— Cross  sections  of  ditches  recommtinli'd. 

crop  will  pay  several  times  over  the  additional  cost  of  a  drain  with 
capacity  sufficient  to  reduce  the  risk  of  injury  from  this  source  to  a 
minimum. 

FORMS  OF  DITCHES. 

The  crumbling  nature  of  exposed  soil  occasioned  by  the  action  of 
the  frost  recjuires  side  slopes  of  ordinary  ditches  to  be  not  steeper 
than  1  to  1  if  reasonable  permanence  is  to  be  expected.  Ditches 
wilier  than  6  feet  on  the  bottom  may  have  steeper  slope,  but  it  may 
32380— No.  189—07  4 
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be  expected  that  the  earth  on  the  sides  will  crumble  and  fall  and 
reduce  the  bottom  width  to  4  feet  unless  there  is  sufficient  scouring 
action  of  the  stream  to  remove  the  earth.  In  either  case  the  section 
of  the  ditch  will  be  considerably  modified.  The  methods  of  con- 
struction found  necessary  or  desirable  in  practice  often  govern  in 
this  matter,  but  observation  and  practice  so  far  in  the  valley  sustain 
the  opinion  that  slopes  1  to  1  or  1 1-  to  1  are  preferable  in  this  soil  and 
climate  where  the  ditches  have  a  bottom  width  of  6  feet  or  less  and 
are  more  than  3  feet  deep.  Roadside  ditches  whose  excavation  is 
used  for  making  a  road  embankment  may  have  a  steep  slope  on  the 
land  side  and  a  2  to  1  slope  on  the  road  side  (fig.  2).  Such  a  ditch 
bank  can  be  readily  mowed  with  a  machine  and  the  bottom  cleaned 
with  drag  scrapers.  Ditches  with  flat  slopes  need  have  no  berms, 
but  those  with  1  to  1  and  to  1  slopes  should  have  berms  6  feet 
wide  where  the  ground  is  firm  and  8  feet  wide  where  it  is  soft  and 
unstable  (fig.  2,  Nos.  1  and  2). 

Experience  in  this  work  teaches  that  it  is  impracticable  to  make 
ditches  with  teams  and  scrapers  through  wet  and  marshy  land. 
Some  type  of  steam  land  dredge  should  be  used. 

The  tabulated  estimates  arranged  to  accompany  the  maps  specify 
the  size  and  side  slopes  of  the  ditches  recommended  for  the  several 
lines  and  are  designed  to  meet  the  several  local  conditions. 

EROSION  OF  CHANNELS. 

The  ditches  of  the  valley  are  easily  eroded  where  the  fall  is  4  feet 
or  more  per  mile,  especially  if  they  run  full  at  maximum  flow.  Ero- 
sion is  mathematically  stated  to  vary  as  the  square  of  velocity. 
Since  velocity  varies  as  the  square  root  of  fall  for  any  given  distance, 
the  tendency  to  erosion  increases  in  proportion  to  the  fall  or  per  cent 
of  grade,  a  fall  of  6  feet  per  mile  producing  twice  the  erosion  of  a 
grade  of  3  feet  per  mile,  other  conditions  being  equal.  This  is  only 
an  expression  of  the  comparative  wearing  action  of  water  upon  the 
channel.  The  cutting  action  of  a  stream  depends  more  largely  upon 
the  structure  of  the  soil  thi'ough  wliich  it  passes  than  upon  its 
velocity  of  flow. 

The  following  precautions  taken  in  the  construction  of  ditches  will 
greatly  assist  in  preventing  washes  which  Avhen  started  are  difficult 
to  control.  Ditches  discharging  into  a  coulee,  river,  or  other  outlet 
should  do  so  "without  an  overfall  or  abrupt  drop,  since  a  drop  causes 
a  continual  sloughing  ofl^  and  cutting  back  of  the  channel.  They 
should  discharge  into  the  receiving  channel  at  the  usual  water  line 
of  the  latter  if  possible,  the  drop  being  taken  up  by  means  of  a  gradual 
slope.  Much  silting  of  ditches  and  natural  streams  at  junction 
points  can  be  prevented  by  observing  this  precaution.    The  channel 
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should  not  be  enlarged  at  some  points  and  suddenly  contracted  at 
others.  Where  there  is  a  tendency  to  wash,  the  velocity  of  flow  may 
be  decreased  and  the  cutting  process  checked  by  gradually  widening 
the  ditch  so  that  the  water  will  flow  at  a  less  depth  where  the  cutting 
occurs.  This  is  in  direct  opposition  to  the  requirements  of  the  chan- 
nel for  carrying  the  volume  of  water  coming  to  it,  and  for  that  reason 
is  not  often  done,  but  many  big  washes  at  the  discharging  points  of 
drainage  ditches  and  water  courses  could  be  prevented  by  the  method 
suggested,  if  taken  in  time.  More  attention  should  be  given  to  the 
matter  at  the  time  ditches  are  constructetl,  especially  where  the  soil 
and  under-clay  is  characterized  by  vertical  cleavage. 

SILTING  OF  DITCHES. 

Ditches  in  this  as  well  as  other  valleys  having  a  similar  soil  are  not 
infrefpiently  obstructed  by  bars  of  soil  blown  into  them  by  the  wind. 
The  top  6  inches  of  soil  becomes  finely  divided  by  exposure  to  the 
weather  and  being  light  (the  top  soil  weighing  only  47  pounds  to  the 
cubic  foot  when  fully  dry)  is  carried  from  the  summer-fallowed  and 
fall-plowed  fields  at  various  exposed  points.  Where  this  occurs  a 
strip  of  land  a  rod  or  more  wide  on  each  side  should  be  maintained 
in  grass.  This  plan  is  found  quite  effective  in  Iowa  and  Illinois, 
where  similar  difficulties  are  experienced.  A  perfect  grading  of  the 
bottom  of  the  ditch  also  lessens  the  deposit  of  silt. 

Ditches  should  receive  timely  care,  Weeds  and  grass  should  be 
removed  from  them  every  fall,  and  small  bars  or  other  obstructions 
taken  out  when  the  cost  is  but  a  trifle.  Systematized  supervision  is 
essential  to  their  economical  maintenance  as  well  as  their  efficiency, 
and  should  be  provided  for  in  the  organization  and  management  of 
drainage  districts. 

EFFECT  OF  STRAIGHTENING  NATURAL  DRAINAGE  CHANNELS. 

The  natural  channels  of  the  valley  may  be  improved  for  drainage 
purposes  b}-  removing  obstructions  from  the  bottom  and  sides,  so 
that  the  least  possible  resistance  will  be  offered  to  the  flow,  and  by 
cutting  bends  where  practicable,  by  which  means  the  distance  of  flow 
may  in  some  cases  be  shortened  to  one-half  or  one-fourth  of  that  of  the 
original  stream.  A  stream  may  often  be  improved  by  both  methods. 
In  any  event,  the  first  should  be  employed,  since  the  discharge  of  a 
ditch  or  natural  stream  may  be  increased  considerably  by  removing 
brush,  drift,  and  other  obstructions,  and  smoothing  the  sides  so  that 
they  will  offer  little  frictional  resistance.  The  advantage  of  a  clean 
and  well-kept  earth  channel  over  one  obstructed  by  brush,  earth  pro- 
jections, and  a  general  irregular  section  appears  in  the  experiments 
made  to  determine  the  value  of  n,  the  coefficient  of  roughness  used  in 
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Kutter's  formula  for  velocity.  For  ditches  in  good  condition  it  was 
found  that  n  should  be  given  a  value  of  0.022,  while  for  channels  in 
very  bad  condition  a  value  of  0.035  should  be  used.  A  ditch  10  feet 
wide,  side  slopes  1  to  1,  with  water  flowing  2  feet  deep  on  a  grade  of  8 
feet  to  the  mile,  has  a  flow  of  3.32  feet  per  second  and  a  discharge  of 
79.68  cubic  feet  per  second,  when  7i-  =  0.022.  When  n  =  0.035,  we 
have  a  velocity  of  2.05  per  second  and  discharge  of  49.2  cubic  feet  per 
second,  giving  a  difference  of  60  per  cent  in  favor  of  the  clean  channel. 
The  advantage  gained  by  cutting  abrupt  bends  is,  first,  that  arising 
from  the  additional  fall  given,  which  is  in  proportion  to  the  shortening 
of  the  channel.  Shortening  the  length  to  one-half  the  original 
doubles  the  head  or  grade,  and  shortening  to  one-fourth  the  original 
gives  four  times  the  fall  between  the  points  improved.  Since  the 
velocity  of  flow  increases  as  the  square  root  of  the  head,  the  increased 
velocity  due  to  shortening  the  channel  would  be  40  per  cent  in  the 
first  instance  and  twice  the  original  velocity  m  the  second,  provided 
the  channels  in  the  two  cases  were  equal  in  section  and  rough- 
ness. Another  advantage  from  the  straightening  of  the  channel  is 
the  lessening  of  friction  to  flow  occasioned  by  bends.  The  amount  of 
resistance  offered  by  bends  is  dependent  upon  their  sharpness. 
Where  it  is  practicable  to  straighten  crooked  channels,  the  increase 
of  velocity  secured  by  cutting  bends  may  be  fully  10  per  cent,  pro- 
vided the  cut-off  channel  has  a  cross  section  equal  to  the  original. 
The  precise  amount  of  this  gain,  except  that  due  to  increase  of  head, 
has  not  been  satisfactorily  determined,  but  nevertheless  exists  and  is 
recognized  in  practical  work.  As  a  general  proposition  it  ma}^  be 
observed  that  reducing  the  length  of  an  ordinary  drainage  channel 
one-half  by  cut-offs  will  increase  the  velocity  of  flow  40  per  cent  due 
to  increased  head,  5  to  10  per  cent  due  to  removal  of  friction  caused 
by  bends,  and  40  to  50  per  cent  due  to  betterment  of  channel  by 
reducing  the  coefficient  of  roughness,  the  improvement  approximateh' 
doubling  the  carrying  capacity  of  the  stream.  When  such  an  improve- 
ment is  made  it  should  be  remembered  that  if  the  channel  below  the 
cut-off  does  not  have  the  capacity  to  receive  the  increased  volume, 
overflow  will  result  and  the  benefit  secured  for  land  above  the  improve- 
ment will  be  offset  by  injury  from  overflow  farther  down  the  stream. 
Such  improvements  wherever  begun  should  be  carried  downstream 
to  a  point  where  the  channel  has  ample  capacity  to  receive  the 
increased  volume  of  water. 

The  natural  streams  of  the  valley  may  be  effectively  improved  by  • 
removing  obstructions  from  the  bottom  and  sides  of  the  channels, 
trimming  them  so  that  the  cross  section  will  be  uniform,  and  cutting 
the  sharp  points  from  the  bends.    From  the  preceding  discussion  it 
will  appear  that  in  this  way  their  carrying  capacity  may  be  increased 
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without  expensive  cutting  of  bends.  The  plans  for  drainage  contem- 
plate the  use  of  coulees  as  ditches.  They  are  by  no  means  ideal 
channels  for  this  purpose,  but  because  of  their  availability  and  ample 
capacity  we  can  not  afford  to  disregard  them.  They  are  usually 
uneven  in  section  and  not  well  graded  on  the  bottom.  These  con- 
ditions may  be  bettered  without  great  expense,  and  when  connected 
with  an  outlet  stream  the  coulee  becomes  a  good  drainage  channel. 

METHOD  OF  MAKING  THE  SURVEY. 

To  properly  design  a  system  of  drainage  requires  a  knowledge  of  the 
nature  of  the  streams  and  the  general  surface  slope.  The  maps  and 
reports  of  previous  surveys  made  in  the  valley  show  with  sufficient 
accuracy  the  location  of  the  roads,  streams,  and  improvements;  but  as 
there  were  no  data  relating  to  elevations,  it  was  necessary  to  make  a 
level  survey.  All  available  data  from  various  sources,- such  as  the 
county  and  United  States  Geological  Survey  maps,  were  compiled  on 
United  States  Land  Office  township  maps,  on  a  scale  of  2  inches  to  the 
mile.  These  maps  were  used  during  the  progress  of  the  work  as  field 
sheets.  A  reconnaissance  showed  that  levels  necessary  to  determine 
the  surface  slopes  and  the  fall  of  streams  could  be  obtained  by  running 
along  the  section  lines.  As  these  lines  are  all  plainly  marked  by  roads, 
fences,  or  turning  rows,  and  the  greater  part  of  the  quarter  lines  were 
visible,  the  level  work  could  be  carried  on  without  field  measurements 
other  than  pacing. 

A  party  suitably  equipped  for  the  survey  was  assembled  at  Fargo 
and  field  work  begun  on  June  20  in  the  southeastern  part  of  Cass 
County.  The  outfit  consisted  of  four  level  parties,  each  consisting  of  a 
levelman  and  rodman.  To  avoid  the  loss  of  time  in  looking  up  board- 
ing places  and  to  hold  the  corps  in  close  touch  with  each  other  and  the 
work,  arrangements  were  made  for  field  subsistence.  The  subsistence 
part  of  the  outfit  consisted  of  a  cook  and  teamster  and  the  necessary 
teams  and  camp  equipment.  Supplies  were  bought  as  needed  from 
farmers  or  in  small  towns  along  the  line  of  work.  Camp  was  moved 
every  other  day  a  distance  of  12  to  15  miles.  Wliile  the  four  parties 
worked  independently  of  each  other,  they  were  boarded  in  one  camp 
and  were  under  the  general  direction  of  the  levelman.  The  method  of 
procedure  was  to  have  breakfast  at  6  a.  ni.,  immediately  after  which 
the  level  parties  set  out  for  their  respective  lines,  either  afoot  or  in  the 
light  wagon,  each  man  carrying  his  lunch  in  a  small  canvas  bag. 

As  the  day's  work  for  all  started  at  a  given  point,  each  party  had 
the  same  number  of  miles  to  run.  Each  party  as  it  arrived  at  the 
designated  line  took  up  the  work  and  carried  it  forward  to  a  point  of 
closing,  taking  such  time  for  lunch  as  they  desired,  returning  to  camp 
on  reaching  the  closing  point.    Four  lines  were  thus  carried  in  one 
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direction  simultaneously.  A  distance  of  7  to  10  miles  per  day  was 
completed  by  each  party.  Each  evening  the  notes  were  platted  on  the 
field  sheets  and  the  campmen  and  levelmen  received  instructions  for 
the  following  day  from  the  levelman  in  charge.  Four  lines  were  car- 
ried west  and  for  the  purpose  of  checking  were  connected  at  the  west- 
ern side  of  the  area  surveyed  and  a  line  run  far  enough  north  to  give 
the  starting-points  from  which  four  lines  were  carried  east  to  the  river. 
Along  the  most  practicable  route  near  the  river  the  base  line  was 
extended  north  by  a  duplicate  line  of  levels,  temporarj^  benchmarks 
being  set  at  each  section  line,  the  elevation  of  each  being  the  average 
of  the  elevations  as  determined  by  the  two  lines  of  levels.  The  bench- 
marks on  this  base  line  were  the  points  from  which  the  elevations  on 
the  east  and  west  lines  were  started  and  closed.  Elevations  were 
taken  each  quarter  of  a  mile,  care  being  taken  to  drive  the  turning  pin 
where  the  surface  had  not  been  disturbed  by  grading  or  excavating. 
Equal  sights  of  660  feet  each  were  taken,  the  target  being  set  and  read 
by  both  levelman  and  rodman.  Temporary  benchmarks  were  usually 
set  at  section  corners.  These  benchmarks  were  made  by  driving  60- 
penny  spikes  horizontally  into  posts  or  the  ends  of  culverts  and  were 
marked  by  blazes,  the  level  rod  being  held  on  the  head  of  the  spike. 

The  survey  of  Pembina  County  was  begun  on  June  29,  1906,  and 
completed  August  15  following.  The  plan  of  carrying  on  the  survey 
was  the  same  as  that  used  in  surveying  Cass,  Traill,  Grand  Forks,  and 
Walsh  counties  during  the  previous  year,  except  that  eight  lines  were 
run  at  one  passage,  instead  of  four.  This  plan  obviated  the  necessity 
of  moving  camp  every  day.  Four  lines  were  run  ahead  for  one  day, 
the  men  being  brought  back  to  camp  by  the  team,  and  on  the  following 
day  the  four  lines  next  north  were  run,  the  camp  moving  on  that  day 
to  a  point  where  the  men  would  close  the  day's  work.  These  four 
lines  were  then  carried  on  8  miles  the  next  day,  camp  remaining  in  the 
same  location.  On  the  following  day  the  south  four  lines  were  carried 
ahead,  the  camp  moving  on  that  day,  and  in  this  manner  the  work 
progressed  across  the  country  in  sections  of  8  miles  in  width  in  place 
of  4  miles  as  was  done  the  previous  season. 

The  datum  for  the  elevations  is  a  United  States  Geological  Sur- 
vey bench  mark,  the  elevation  above  sea  level  being  based  on  the 
benchmark  set  by  the  United  States  Coast  and  Geodetic  Survey  at 
Wahpeton,  N.  Dak.  With  this  as  an  initial  benchmark,  the  base 
line  was  started  and  was  carried  to  the  north  limit  of  the  area  sur- 
veyed by  a  duplicate  line  of  levels.  The  following  permanent  bench- 
marks, each  checked  by  a  second  line,  were  set: 
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Benchmark);  established  in  Red  River  Valley. 


Description. 


Djitum  Benchmark  at  Enloe  in  the  northeastern  part  of  Richland  County, 

N.  Dak.,  and  described  bv  the  U.  §.  Geological  Survey  as  fol- 
Sperrv  T  l.'*'>  .M..  K.  4S  \V.,  sec.  20.  north  side  of;  .south 


lows:  Sperrv.  T.  l.'*.'>       K.  4.S  \V.,  sec 

of  railroad  eros^^iiiK.  wrst  .«ide  of  Chicago.  Milwaukee  and  St. 
Paul  llailw.iy  Ir.irk.  JO  feet  south  ot  section  line,  iron  post 
stamped  "9:i4  W  ,"  rli'valion. 
In  the  court-house  yard,  north  U.  S.  Geological  Survey  meridian 
mark. 

In  court-house  yard,  south  U.  S.  Geological  Survey  meridian 
mark. 

Agricultural  college  administration  building,  lowest  section  of 
red  sandstone  coping,  on  west  balustrade  at  main  entrance. 
Benchmark  is  6.4  feei  below  doorsill  and  2.0  feet  above  surface 
of  ground.   Cross  cut  in  center  of  coping. 

Red  River  gauge  at  Front  street  bridge.   Zero  of  gauge  

Shevi'niie  River  gauge  at  1 1  :ii,'t,'.i  rt 's  pj-ivale  bridge.  Zero  of  gauge. 
Pulilii'  school  buiMing.  Ke'l  .s.i  ik  M  one  window  sill  luvjr  iKirth- 
east  corner,  on  north  si^U-  df  Iniilding.  lieiichiii:i rk  level  with 
the  surface  of  the  ground  and  .5.4  feet  below  the  red  sandstone 
water  table  at  the  main  floor.  Cross  cut  in  sill. 
County  jail,  west  end  of  limestone  doorsill  at  main  entrance,  cross- 
cut .sill. 

Public  school  yard,  north  U.  S.  Geological  Survey  meridian 
mark. 

Pulilie  school  vard,  south  U.  S.  Geological  Survev  meridi.iu  mark. 
University  of'Xorth  D.ikota,  Science  ll;ill.  niirlbe;ist  corner  of 
s(iii:i  re  I'lase  under  round  base  of  northcolunui  at  iii.iin  entrance. 
Benchmark  is  about  4h  feet  above  surface  of  ground. 
Red  River  gauge  on  Northern  Pacific  liailroad  bridge.    Zero  of 
gauge. 

Court-house  main  entrance,  top  of  limestone  flag,  south  side  of 

center  pier,  front  edge  of  stone.   Cross  cut  in  stone. 
Carnegie  I,ibrary.  we.st  side  of  main  entrance,  southwest  corner 
of  stone  base  on  which  lamp-post  stands,  2.0  feet  above  surface 
of  ground,  1.1  feet  below  doorsill. 

Pembina  I  West,  bank  Pembina  River  north  of  road  leading  to  ferry,  in  yard 

of  SheritI  Atkinson,  U.  S.  Geological  Survey  iron  benchmark 
post . 

International  boundary;  Top  of  first  boundary  post  west  of  Red  River,  400  feet  west  of 

'  I     Northern  Pacific  Railway  tracks. 
Emerson,  Manitoba  '  Red  liiver  gauge  on  Emerson  Bridge.    Zero  of  gauge  


Where  benchmarks  are  not  available,  elevations  with  sufficient 
accuracy  to  begin  surveys  can  usually  be  had  by  taking  the  eleva- 
tion of  the  natural  surface  of  the  ground  at  several  points  along  an 
east  and  west  line  where  there  are  recorded  elevations  as  shown  by 
the  plat. 

CHARACTERISTICS  OF  STREAMS  TRIBUTARY  TO  RED  RIVER. 

The  first  tributaries  of  any  importance  that  enter  the  Red  River 
from  the  west  are  the  Wild  Rice  and  the  Sheyenne  rivers.  Both 
rivers  have  deep-cut  channels  through  the  lacustrine  deposits  and  for 
a  number  of  miles  flow  a  short  distance  west  of  and  parallel  to  the 
river. 

The  Sheyenne  River  rises  near  the  center  of  North  Dakota  and, 
as  shown  upon  the  map  (PI.  I),  has  a  large  drainage  basin.  At  several 
points  below  Hardwood  slides  have  occurred  which  have  greatly 
diminished  the  capacity  of  the  channel.  The  Maple  River,  where  it 
enters  the  area  surveyed,  is  a  sluggish  stream  with  a  high  bank  on  the 
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east  side,  the  west  bank  being  somewhat  lower.  After  passing  Maple- 
ton  the  channel  grows  deeper  and  narrower,  with  banks  of  equal 
height.  The  Rush  River  is  a  small  stream  the  channel  of  which 
gradually  disappears  by  discharging  its  waters  over  the  surface  of  the 
surrounding  land.  The  Elm  River  and  its  south  branch  are  deep, 
clean  channels  of  good  capacity.  The  north  branch  below  Kelso  and 
above  the  Hillsboro  Beach  has  a  narrow,  shallow,  and  crooked  channel, 
badly  obstructed  by  growing  bushes.  The  Goose  River  east  of  Hills- 
boro has  a  deep  channel,  but  west  of  Hillsboro  it  meanders  back  and 
forth  over  a  narrow  valley. 

In  Grand  Forks  and  Walsh  counties  there  are  several  basins  and 
valleys  lying  below  the  general  surface.  At  times  of  high  water  they 
become  large  lakes,  but  during  the  low-water  period  they  are  marshes 
and  swamps.  Lands  comprising  these  basins  are  frequently  strongly 
impregnated  with  alkali,  and  in  some  instances  saline  springs  prevent 
the  deeper  parts  of  the  basins  and  channels  from  becoming  fully  dry. 

^The  Turtle,  Forest,  and  South,  Middle,  and  North  forks  of  Park 
River  are  small,  tortuous  streams,  flowing  through  narrow  channels 
fringed  on  either  side  by  a  thick  growth  of  timber.  The  channels  of 
these  streams  are  not  sufficiently  large  to  carry  the  flood  waters  near 
the  west  line  of  the  area  surveyed,  but  do  serious  injury  by  overflow- 
ing the  land  adjacent  to  them.  These  channels,  however,  are  of  ample 
size  to  carry  the  water  after  they  have  traversed  the  flat  area  for  a 
distance  of  5  or  6  miles. 

Lying  parallel  to  and  6  miles  west  of  the  Red  River,  in  Pembina 
County,  is  a  low  depression  which  extends  from  near  the  Walsh 
County  line  to  the  Tongue  River.  It  has  no  discharge  outlet  to  the 
east,  practically  no  fall  toward  the  north  and,  receiving  the  drainage 
from  a  large  area  to  the  west,  forms  the  largest  swamp  of  the  entire 
section  surveyed.  Several  ditches  have  been  cut  for  the  purpose  of 
draining  this  slough,  so  that  though  not  thoroughly  drained  it  occu- 
pies a  much  smaller  area  than  formerly.  The  Tongue  River  is  a 
crooked,  narrow  stream  having  a  channel  of  varying  size,  with  numer- 
ous low  places  in  its  banks,  and  overflows  at  various  points  between 
the  foothills  and  its  place  of  discharge.  Probably  more  damage  is 
caused  by  the  overflow  of  this  stream  than  any  other  tributary  river 
in  the  valley.  The  Pembina  River  is  the  largest  stream  north  of  the 
Sheyenne  on  the  Dakota  side.  While  it  is  crooked  and  its  banks  are 
thickly  wooded,  it  has  a  good  channel  wliich,  under  ordinary  condi- 
tions, carries  the  flood  of  its  watershed.  There  are  a  few  places  along 
its  banks  where  overflows  occur  that  have  done  considerable  damage, 
and  it  is  suggested  that  low  levees  be  constructed  at  such  points. 
Overflows  from  both  the  Tongue  and  Pembina  rivers  have  occurred 
after  seeding  time  and  are  independent  of  the  Red  River  flood. 
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Problems  relalinu;  to  the  Red  River  have  not  been  taken  up  in  this 
report.  That  .stream  i.s  the  natural  oiitlet  for  the  waters  of  the  alley 
and  is  under  Federal  control.  The  drains  have  been  designed  to 
collect  surplus  waters  of  the  valley  and  discharge  them  into  the  river 
for  the  benefit  of  the  lands  used  for  agriculture.  The  solution  of  the 
river  pro])lem  is  dependent  upon  a  greater  munber  of  factors  than  we 
now  have  at  hand.  The  drainage  herein  recommended  is  a  work 
that  will  yield  immediate  returns.  No  construction  of  reservoirs  on 
tributary  streams  nor  improvement  of  the  Red  River  will  render  such 
drainage  unnecessary  or  materially  change  the  general  plans  herein 
recommended.  Furthermore,  it  is  a  work  which  lies  wholly  within 
tlie  power  of  the  owners  of  the  land  concerned  to  inaugurate,  direct, 
and  complete  for  their  own  benefit. 

The  following  table  shows  the  drainage  areas  of  streams  which  dis- 
charge into  the  Red  River  from  the  west.  Unless  otherwise  stated, 
the  area  given  is  the  area  down  to  the  west  limit  of  the  surveys: 

Drainage  ureas  of  tributaries  of  Red  River. 


Name  ol  watershed. 


Bois  D^a  Sioux  in  South  Dakota  

Bois  l)es  Siou.\  in  North  Dakota  

Wild  Rice,  at  South  line  of  Cass  County.  . 

Sheyeiinc  Uivor  '. ... 

Canfi''ld  district,  Main  .\,  west  of  survey. . 
Canficld  distrirt,  Main  B,  we.st  and  south 

of  survey  

Maple  River  

Rush  River  at  Amenia  

Hunter  district,  Main  B  

UuntiT  district.  Main  .\  

Ehn  River  south  of  Traill  County  line  of 

survey  ."  

Elm  River,  middle  branch  

Ehu  River,  north  branch  

Goo.se  River   

Coven  Creek  

Thompson  district.  Main  C  

Merrifield  district,  lateral  No.  Ih  

Merrifield  district,  lati'ral  No.  14  

Ojata  district.  Salt  Coulee  


Name  of  watershed. 


Ojatii  district,  Main  A  

Ojata  district,  llazen  Creek  

Turtle  Kivcr   ;  

Turtle  Ui\  i  r  district.  Main  C  

Turtle  Hiver  district.  Main  B  

Turtle  liiver  district.  Main  A  

Turtle  River  district,  main  coulee  

Forest  Hiver  

Grafton  district.  Main  D  

Grafton  district,  Main  C  

Grafton  district.  Main  B  

South  Fork  of  Park  River  

Middle  Fork  of  Park  River  

North  Fork  of  Park  River  

Tongue  River  at  West  Line  of  range  .54  . 

Little  Pembina  River,  at  mouth  

Pembina  River,  at  junction  with  Littli 

Pembina  

Pembina  River,  at  west  line  of  range  .54 
West  watershed  of  Red  River  at  interna 

tional  boundary  


Areas  surveyed. 


Square 
miles. 


25 
31 
330 
30 
15 
2 
40 
045 
32 
40 
28 
254 
118 
2T2 
200 
340 
2,  750 

3,225 

18,900 


County. 

Mile.s  of 
main 
line. 

Miles  of 
check 
line. 

Square 
miles 
surveyed. 

Days 
worked. 

Days 
lost. 

Cass  

656.6 
449.0 
555. 0 
408. 6 
942.0 

-   

153.0 
108.9 
138.0 
83.3 
120. 0 

645.0 
450.0 
560.0 
380.0 
950.0 

116.8 
71.8 
87.5 
62.4 

142.0 

31  2 
10.2 
20.0 
4.1 
19.0 

Traill  

Grand  Forks  

WaLsh  

I'cmbina  

Total  

3,011.8 

603. 2 

2,985.0 

480.5 

90.5 

ESTIMATES. 

Estimates  have  been  made  at  what  is  thought  to  be  fair  prices  for 
the  work,  yet  the  continued  advance  in  prices  of  material  and  labor 
and  the  varying  conditions  which  may  prevail  at  the  time  the  work  is 
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done  make  it  difficult  to  estimate  the  cost  of  the  work  far  in  advance 
of  the  time  of  its  construction.  The  figures  here  given  represent  the 
comparative  cost  of  the  different  classes  of  work  at  the  prices  named. 
Unless  otherwise  mentioned,  the  territory  lying  outside  of  the  area 
surveyed  is  not  included  in  computing  the  size  of  drainage  districts. 

Main  drainage  channels  near  the  west  boundary  of  the  area  surveyed 
are  designed  to  carry  the  water  coming  to  them  from  the  natural 
watershed  on  the  west.  Unless  otherwise  specified,  all  main  ditches 
are  designed  with  a  slope  of  1  to  1 ,  and  lateral  ditches  with  a  slope  of 
1 1  to  1  on  either  side.  Where  ditches  are  located  along  the  highways, 
a  slope  of  1  to  1  on  the  land  side  and  2  to  1  on  the  road  side  is  recom- 
mended. The  grade  of  the  ditch  is  not  given  when  its  size  is  not 
dependent  upon  it. 

Estimates  for  bridges  are  made  for  temporary  timber  structures 
on  the  supposition  that  the  county  and  township  will  substitute 
permanent  ones  later.  The  width  of  right  of  way  used  in  the  estimate 
is  the  average  width  for  the  specified  length  of  the  ditch.  The  prices 
used  are  1  0  cents  per  cubic  yard  for  ditches  when  constructed  by 
steam  machinery,  and  11,  IH,  and  12  cents  for  other  ditches,  as 
indicated  in  the  following  table  showing  the  cost  of  ditches  of  different 
sections  and  depths.  It  may  be  found  advisable  in  some  cases  to 
change  the  location  in  order  to  meet  local  objections  or  to  serve 
interests  not  considered  in  the  general  plan  of  drainage  which  is 
outlined  in  this  report.  Specific  examinations  should  be  made  by 
the  district  engineers,  especially  with  regard  to  the  improvement  of 
coulees  and  the  outlets  of  ditches  which  discharge  into  them.  These 
local  conditions,  and  especially  the  facilities  for  doing  the  work,  may 
result  in  the  modification  of  the  estimated  prices  here  given. 

COST  OF  EXCAVATION. 

The  cost  of  excavation  given  in  the  following  table  is  for  ditches  of 
varying  depth  and  bottom  width,  with  a  slope  of  1^  to  1  on  either 
side,  or  its  equivalent  1  to  1  on  the  one  side  and  a  2  to  1  slope  on 
the  other: 

Cost  of  excavation. 


Average  depth  4  feet,  cost  11 
cents  per  cubic  yard. 

Average  depth  5  feet,  cost  lU 
cents  per  cubic  yard. 

Bottom  width. 

Cubic 
yards  in 
100  feet 
length. 

Cost  of 
100  feet 
length. 

Cost  of  1 
mile. 

Cubic 
vards  in 
100  feet 
length. 

Cost  of 
100  feet 
length. 

Cost  of  1 
mile. 

3  

1.33 

$14.63 

$772.  45 

194 

$22. 31 

$1,177. 97 

4  

148 

16.  28 

859. 38 

213 

24.30 

1,293.00 
1,408.  70 

5  

163 

17.93 

846.70 

232 

26.08 

6  

178 

19.  58 

1,0.31.92 
1,120. 94 

250 

28.  75 

1,518.  00 

7  

193 

21.23 

208 

30,82 

1,627.30 

8  

207 

22.  77 

1,202.  25 

287 

33.00 

1,742.  40 

10  

237 

26.07 

1,376.48 

324 

37. 26 

1,967.  .33 
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Cost  of  excavation — Continued. 


Average  depth  (i  feet,  cost  12 
,  cents  per  cubic  yard. 

Average  depth  7  feet,  cost  12 
Cfnts  per  cubic  yard. 

Bottom  width. 

Cubic 
yards  in 
100  fe^et 
length. 

Cost  of 
100  feet 
length. 

Cost  of  1 
mile. 

Cubic 
yards  in 
100  feet 
length. 

Cost  of 
100  feet 
length. 

Cost  of  1 
milo. 

267 

1$32. 04 

Jl,091.  71 

i,8;ii.  10 

350 

$42  00 

$2,217.00 
2,382.34 

4  

289 

34.08 

376 

45  12 

311 

37. 32 

1,970.50 

402 

48  24 

2,547.07 

333 

39.90 

2, 109. 71 

429 

51.  48 

2,098.  14 

350 

42.  72 

2,255.62 

454 

54  48 

2,870.  54 

8  ,  

378 

45. 36 

2,395.00 

480 

57.00 

3, 041. 28 

0  

422 

50. 64 

2,673.79 

532 

63. 84 

3,370.  75 

RECOMMENDATIONS. 

As  will  be  seen  from  the  foregoing  discussion,  the  efficiency  of  exist- 
ing natural  watercourses  can  be  increased  by  improving  the  channels 
where  they  are  subject  to  overflow,  since  any  obstruction  in  a  stream 
causes  an  accumulation  of  sediment  which  greatl}'  injures  the  effi- 
ciency of  the  channel.  Low  bridges,  dams,  or  piling  which  in  any 
way  cause  an  obstruction  or  catch  drift,  and  also  timber  and  brush 
growing  upon  the  banks  above  the  ordinary  higli-water  line,  should 
be  removed.  This  will  secure  a  good  flow  and  permit  the  channel  to 
enlarge  by  erosion  during  the  high-water  period  instead  of  being  made 
smaller  by  the  accumulation  of  drift  and  sediment,  as  is  now  the  case. 
Where  bridges  across  channels  are  necessary,  piling  or  piers  should 
not  be  placed  in  the  center  of  the  channel,  but  near  the  banks. 

Tf  the  timber  is  removed  from  the  banks  so  as  to  permit  the  free 
access  of  sun  and  air  during  the  thawing  period  of  the  spring,  the 
snow  and  ice  will  be  removed  from  the  channel  more  quickly,  thus 
obviating  much  of  the  injury  which  occurs  from  the  forming  of  ice 
jams  during  the  early  spring  season.  While  timber  and  brush  grow- 
ing at  a  distance  from  the  banks  will  frequently  prevent  the  snow 
from  drifting  and  tilling  the  channel,  the  same  growth  on  the  slopes 
and  near  the  banks  will  prevent  the  uniform  thawing  of  the  snow  and 
ice  when  the  channel  should  be  open. 

There  are  points  along  the  banks  of  the  streams  which  are  low, 
subjecting  the  outlying  lands  to  periodical  overflow.  A  low  levee 
constructed  along  the  banks  at  those  places  will  in  many  cases  pre- 
vent the  injury.  In  some  localities  bends  may  be  cut  off  to  advan- 
tage, but  considerable  care  and  judgment  should  be  used  when  this  is 
done.  While  it  is  true  that  the  velocity  of  flow  can  be  greatly  in- 
creased by  straightening  the  channel  of  a  stream,  care  should  be  taken 
to  determine  whether  the  channel  which  is  to  receive  the  water  from 
the  cut-off  has  sufficient  capacity  to  carry  the  additional  ffow  occa- 
sioned by  the  construction  of  the  cut-olf  channel.  Where  banks  of 
streams  are  higher  than  the  land  a  short  distance  away  from  them, 
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as  is  true  of  nearly  all  of  the  streams  in  the  valley,  they  act  as  natural 
levees  to  hold  the  streams  within  their  channels,  and  should  not  be 
cut  to  furnish  an  outlet  for  a  drainage  ditch  unless  it  is  impossible  to 
secure  such  outlet  in  any  other  way.  There  are  usually  coulees  and 
natural  channels  running  parallel  to  the  streams,  back  of  the  bank 
ridge,  which  finally  enter  the  main  stream,  into  which  ditches  may  be 
discharged.  Wherever  it  is  possible  all  ditches  should  enter  the 
streams  through  these  natural  channels.  It  would  greatly  facilitate 
drainage  movements  in  the  area  surveyed  if  tributary  streams  were 
declared  drainage  channels  and  placed  under  the  supervision  of 
drainage  authorities. 
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director  of  tlie  U.  S.  Weather  Bureau  in  North  Dakota;  by  reports 
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FINANCIAL  STATEMENT. 

The  cost  of  entire  work  to  each  of  the  cooperating  parties  was  as 


follows : 

Cass  County,  field  work   $750. 00 

Traill  County,  field  work  - .  532. 04 

Grand  Forks  County,  field  work   663.  83 

Walsh  County,  field  work  -   407.  43 

Pembina  County,  field  work   5.50. 00 

State  engineer's  office,  field  work — Cass,  Traill,  Grand  Forks,  and  Walsh 

counties   565.00 

State  engineer's  office,  mapping   525.  00 

State  engineer's  office,  field  work,  Pembina  County   237.40 

Great  Northern  Railway,  Pembina  County   900.  00 

Irrigation  and  drainage  investigations,  field  work   1,  854.  29 

Engineer  in  charge,  plans  and  estimates  on  field   875.  00 

Incidentals  -   195.00 

Preparation  of  report,  maps,  etc.,  Washington   1,  150.00 

Cost  of  engraving  maps  and  printing  report  (  estimated  )   1,  500.  00 


Total   10,704.99 


DETAILED  ESTIMATES  FOR  SEPARATE  COUNTIES. 


CASS  COUNTY. 

(See  map,  PI.  II.) 

Since  the  vSheyenne  and  Wild  Rice  rivers  are  subject  to  overflow, 
no  more  ditches  than  are  necessary  are  designed  to  outlet  into  these 
streams.  The  object  in  carrying  the  drainage  parallel  to  the  streams 
is  to  prevent  the  cutting  of  the  ridges  which  border  the  river  channels 
on  either  side.  Low  places  in  the  banks  can  be  raised  and  the  carry- 
ing capacity  of  these  streams  greatly  increased  at  a  small  expenditure. 

HICKSON  DISTRICT. 

Hickson  district  covers  an  area  of  12,800  acres,  lying  between  the 
Wild  Rice  and  the  Red  rivers.  Drainage'  from  Richland  County 
should  be  carried  south  of  the  county  line  road  and  enter  the  Red 
River  through  the  coulee  which  crosses  the  county  line  near  the  Red 
River.    Main  A  drains  9,000  acres  at  the  mouth,  side  slope  14  to  1. 


Dimensions  and  cost  of  mains  and  laterals. 


Ditch. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Total 
cost. 

Main  .V  

Miles, 
f  4.50 
J  1.00 
1  2.00 
I  2.00 
4.00 

Feel. 
7.0 
6.0 
3.0 
3.0 
3.0 

Feet. 
1.0 
1.0 
2.0 
2.0 
2.0 

Feet. 
6.0 
6.0 
5.0 
4,0 
4.0 

Cu.  yds. 
356 
333 
194 
133 
133 

$2,256 
2,110 
1,178 
772 
772 

$10, 152 
2,110 
2,356 
1,544 
3,088 

Lateral  

Right  of  way  7.5  miles  in  length,  33  feet  wide,  Main  A.  30  acres,  at  .f30  per  at-re.  $900 

Six  highway  bridges.  Main  A,  150  feet,  at  S6  per  foot   900 

Contingencies,  Main  A   1.300 

Cleaning  out  coulee  in  section  14,  Pleasant  Township,  laterals   860 

Contingencies,  laterals   300 


Total  cost  for  district: 

Main  A   19,  2G2 

Laterals   4,248 

Total  *.   23,510 


Average  cost  per  acre   1.  84 
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THE  ROSE  COULEE  DISTRICT. 

The  Rose  Coulee  district  covers  an  area  of  39,000  acres  lying  east 
of  the  Sheyenne  River.  Main  A  drains  16,000  acres  at  the  mouth, 
side  slope  1  to  1 ;  Main  B  drains  7,000  acres  at  the  mouth,  side  slope 
H  to  1 . 

Laterals. 


Lateral. 


No.  1.. 

No.  2.. 
No.  3.. 
No.  4.. 
No.  5.. 
No.  6.. 
No.  7.. 
No,  8. . 

No.  9.. 

No.  10. 


Length. 


Miles. 
1.00 
1.00 
1.75 
1.25 

.75 
1.75 

.75 
L50 
1.00 
3. 00 
1.50 


Bottom 
width. 


Grade 
per  mile. 


Depth. 


Feel. 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3,0 
3.0 
3.0 
3.0 
3.0 


Feet. 
1.0 


1.0 

i.o' 


Feet. 
4.0 
4.0 
5.0 
5.0 


Lateral. 


No.  11. 
No.  12. 
No.  13. 
No.  14. 
4.0  :i  No.  15. 
4.0  II  No.  16. 
No.  17. 


Length. 


1.0 


4.0 
5.0 
5.0 
4.0 
5.0 


No.  18. 
No.  19. 


Miles. 
1.  50 
1.50 
1.00 
1.00 
1.00 
3. 25 
2. 00 
.75 
LOO 
2.50 


Bottom 
width. 


Feet. 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 


Grade 
per  mile. 


Feet. 
LO 
1.0 
1.0 
1.0 
1.0 
2.5 


Depth. 


Feet. 
5.0 
4.0 
5.0 
5.0 
5.0 
4.0 
4.0 
5.0 
4.0 
4.0 


Dimensions  and  cost  of  mains  and  laterals. 


Ditch. 


Main  A. 

Main  B.. 
Laterals 


Length. 


Miles. 
3.  75 
3. 00 
2. 00 

1.  00 
.  75 

L25 

2.  25 
2.  00 

18.50 
12. 25 


Bottom 
width. 


Feet. 
8.0 
7.0 
0.0 
3.0 
3.0 
4.0 
5.0 
3.0 
3.0 
3.0 


Grade 
per  mile. 


Feet. 
1.0 
LO 
1.0 


Depth. 


1.0 
1.6 
2.0 


Feet. 
7-10 
7.0 
6.0 
6.0 
5.0 
5.0 
6.0 
5.0 
4.0 
5.0 


Excava- 
tion per 
100  feet. 


Cu.  yds. 
567 
363 
267 
200 
148 
167 
311 
194 
133 
194 


Cost  per 
mile. 


$2,995 
1,917 
1,410 
1,056 
781 
882 
1,970 
1,178 
772 
1,178 


Total 
cost. 


$11,231 
5,751 
2,820 
1,056 
58G 
1,102 
4, 432 
2,356 
14, 282 
14,430 


Right  of  way  9  miles  in  length,  33  feet  wide,  Main  A,  36  acres,  at  $30  per  acre.  .$1,  080 

Seven  highway  bridges,  Main  A,  150  feet,  at  S5  per  foot   750 

Contingencies,  Main  A   2  000 

Cleaning  out  1.75  miles  of  coul6e  in  sections  11  and  12,  Stanley  Township, 

Main  B   1^500 

Contingencies,  Main  B   600 

Contingencies,  laterals   2.  900 

Total  cost  for  district: 

Main  A  ;  '   26,376 

MainB   8,888 

Laterals   31^  612 

Total   66,876 

Average  cost  per  acre   1.71 

FARGO  DISTRICT. 

The  Fargo  district  covers  an  area  of  35,000  acres  lying  east  of  the 
Sheyenne  River.  Main  A  drains  4,000  acres  at  mouth,  side  slope  1  \ 
to  1 ;  Main  B  drains  7,300  acres  at  mouth,  side  slope  H  to  1 ;  Main  C 
drains  7,000  acres  at  the  mouth,  .side  slope  l  i  to  1. 
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Laterals. 


Lateral. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Lateral. 

Length. 

Bottom 
width. 

Grade 
per  mi^e. 

Depth. 

N<i.  1  

Mile.'!. 
1.25 
1.00 
(       1. 75 
t  1.00 
I  2.25 
t  2.00 
1.00 
f  2.75 
t  2.00 

Feet. 
3.0 
.3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
4.0 
3.0 

Feet. 
1.0 

Feet. 
4.0 
4.0 
5.0 
4.0 
5.0 
4.0 
4.0 
4.0 
4.0 

No.  7  

Miles. 
1.00 
l.f}0 
1  1.00 
\  1.00 
\  3.00 
1.00 
1.00 

Feet. 
3.0 
3.0 
4.0 
3.0 
3.0 
3.0 
3.0 

Feet. 

Feel. 
4.1) 
4.0 
5.0 
5.0 
4.0 
4.0 
4.0 

No.  2  

No.  8  

No.  3  

1.  5 

No.  9  

1.0 
2.0 
2.0 
3.0 

No.  4  

No.  5  

No.  6  

2.0 
1.0 

No.  10 
No.  11 

2.0 

Dimensions  and  cost  cf  mains  and  laterals. 


Ditch. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Totfll 
cost. 

Miles. 

Feet. 

Feet. 

Feet. 

Cu.  yds. 

j  2.00 

4.0 

LO 

6.0 

289 

$1,831 

$3.  (162 

Miiiti  \  

\  2.00 

3.0 

1.0 

5.0 

194 

1,178 

2, 356 

1  2.00 

7.0 

1.0 

(i.O 

35fi 

2,256 

4.  512 

Main  B  

\       3. 00 

4.0 

•  3.0 

5.0 

213 

1,294 

3,882 

1  3.00 

3.0 

2.0 

4.0 

133 

772 

2,316 

1.75 

4.0 

1.0 

7.0 

370 

2,382 

4,109 

Main  C  

\       2. 25 

4.0 

1.0 

.3.0 

94 

546 

1,229 

(  .25 

4.0 

5.0 

213 

1,294 

324 

(     15. 75 

3.0 

4.0 

133 

772 

12, 159 

1  2.75 

4.0 

10 

148 

860 

2,  365 

Laterals  

)  5.00 

3.0 

5.0 

194 

1.178 

5,890 

I  LOO 

4.0 

5.0 

213 

1,294 

1,294 

Right  of  way  2  miles  in  length,  33  feet  wide,  Main  A,  8  acres,  at  $30  per  acre   $240 

Two  highway  bridges.  Main  A,  50  feet,  at  $5  per  foot   250 

Contingencies,  Main  A   500 

Cleaning  out  coulee  in  section  32,  Reed  Township,  Main  B   1,  000 

Right  of  way  8  miles  in  length,  33  feet  wide.  Main  B,  32  acres,  at  $30  per  acre. .  960 

Eight  highway  bridges.  Main  B.  160  feet,  at  $5  per  foot   800 

Contingencies,  Main  B   1, 100 

Right  (if  way  1.75  miles  in  length,  33  feet  wide.  Main  C,  7  acres,  at  $30  per  acre. .  210 

One  highway  bridge.  Main  C,  16  feet,  at  $5  per  foot   80 

Contingencies,  Main  C   500 

Cleaning  out  coulee  in  sections  14  and  15,  Barnes  Township,  laterals   800 

Cleaning  out  coulee  in  section  14,  Reed  Township,  laterals   1,  200 

Cleaning  out  coulee  in  section  28,  Reed  Township,  laterals   800 

Contingencies,  laterals   2,  000 


Total  cost  for  dislrirl: 

Main  A   7,008 

Main  B   14,570 

Main  C  ,   6,512 

Laterals   26,508 


Total   54,598 


Average  cost  per  acre   1.  5G 


SHEYENNE  DISTRICT. 

Sheyenne  district  covers  an  area  of  35,000  acres  lying  along  the 
west  side  of  the  Sheyenne  River.  Main  A  drains  32,000  acres  at 
the  mouth,  side  slope  1  to  1. 
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Laterals. 


Length. 


Miles. 
1.25 
1.25 
1.25 
1.25 
2. 00 
1.00 
2. 00 
1.00 
1.00 
.3.00 
2.  75 
2.  50 
2.00 
3.00 


Bottom 
width. 


Feet. 
3.0 
3.0 
.3.0 
3.0 
.3.0 
3.0 
3.0 
3.0 
-  .3.0 
3.0 
3.0 
.3.0 
3.0 
3.0 


Grade 
per  mile. 


Feet. 
1.0 


1.5 


2.0 
1.0 


2.0 


2.0 
2.5 
2.0 


Depth. 


Feet. 
4.0 
4.0 
4.0 
5.0 
4.0 
5.0 
4.0 
5.0 
4.0 
4.0 
4.0 
4.0 
5.0 
4.0 


Lateral. 


No.  11. 
No.  12. 

No.  13. 

No.  14. 

No.  15. 
No.  16. 

No.  17. 


Length. 


Bottom 
width. 


Grade  I  -ri„.^ti, 
permile-^^Pth. 


Miles. 

Feet. 

1.00 

3.0 

1.00 

3.0 

1.00 

3.0 

1.00 

.3.0 

1.00 

3.0 

1.00 

3.0 

.75 

3.0 

1.25 

3.0 

1.25 

3.0 

.75 

3.0 

3.00 

3.0 

Feet. 


Dimensions  and  cost  of  main  and  laterals. 


Ditch. 


T  „„„+v.  Bottom 
Length. 


Main 


Laterals. 


Miles. 
5.00 
3.00 
2.00 
1.50 
3. 00 
2. 00 
29. 25 
8.  25 


Feet. 
10.0 
8.0 
6.0 
6.0 
4.0 
4.0 
.3.0 
3.0 
.3.0 


Grade 
per  mile. 


Feet. 
1.0 
1.0 
1.0 
2.0 
2.0 
1.5 


Depth. 


Feet. 


Excava- 
tion per 
100  feet. 


Cu.  yds. 
533 
474 
415 
267 
222 
.  167 
133 
194 
267 


Cost  per 
mile. 


S2,814 
2,503 
2, 191 
1,410 
1,172 
882 
772  , 
1,178 
1,692 


Right  of  way  11.5  miles  in  length,  33  feet  wide.  Main  A,  46  acres,  at  $30  per 


acre   $1,  380 

Nine  highway  bridges.  Main  A,  250  feet,  at  S5  per  acre   1,  250 

Contingencies,  Main  A   2,900 

Contingencies,  laterals   3,300 


Total  cost  for  district: 

Main  A   38,  886 

Laterals    36,868 


Total   75,754 


Average  cost  per  acre   2.16 


CANFIELD  DISTRICT. 

Canfield  district  covers  an  area  of  74,000  acres  l3ring  south  and 
east  of  the  Maple  River.  .The  ditches  in  the  southwest  part  of  this 
district  are  designed  to  carrj  the  drainage  west  to  the  Leonard 
ditch  and  south  to  the  county  hne,  but  no  provision  is  made  for 
carrying  any  water  from  Richland  Count}^.  A  ditch  has  been  par- 
tially constructed  along  the  proposed  location  of  Main  A.  The 
present  ditch  is  not  deep  enough  with  the  light  grade  to  properly 
drain  the  basin  at  its  head,  but  the  old  ditch  will  decrease  the  cost 
of  construction  by  the  amount  of  work  already"  done.  The  coulee 
below  the  mouth  of  this  ditch  should  be  deepened,  as  at  flood  time 
the  water  runs  too  near  the  surface  to  give  good  drainage.    Main  A 
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drains  36,500  acres  at  the  mouth,  side  slope  1  to  1 ;  Main  B  drains 
10, 000  acres  at  the  mouth,  side  slope  Ih  to  1;  Main  C  drains  6,500 
acres  at  the  mouth,  side  slope  U  to  1 ;  Main  D  drains  22,000  acres  at 
the  mouth,  side  slop(>  1  to  1 . 

Laterals. 


Lateral. 


Length. 


Miles. 

XT     ,  /  1-75 

^"■1  'i  1.00 

XT     o  /  200 

No- 2  {  1.00 

No.  3  :{  l  '^ 

,  (  1.50 

 (  2.00 

No.  5  i  1.00 

No.  ti  !  1.00 

No.  7  ,  1.00 

No.  8   1.25 

No.  9  '  1.00 

,„  /  1.50 

^"•1" {  1.00 

^"■^^  \  1.00 

No.  12   2.00 

No.  1.3  '  1.00 

.\o.  14   2.00 

i  2.00 

No-ll-  {  1.00 

No.  17  !  4.00 

NO.  18  { 


Bottom 
width. 


Grade 
per  mile. 


Feet. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
4. 


Feet. 
1.0 


1.0 


1.0 


1.0 


Depth. 


2.0 
5.0 
2.0 


3.0 
1.0 
5.0 


Feet. 
5.0 
4.0 
5.0 
4.0 
5.0 
4.0 
5.0 
4.0 
4.0 
5.0 
4.0 
4.0 
4.0 
5.0 
4.0 
5.0 
4.0 
4.0 
4.0 
4.0 
5.0 
4.0 
5.0 
4.0 
4.0 
5.0 
4.0 


Lateral. 


No.  19. 

No.  20. 

No.  21. 

No.  22. 

No.  23. 
No.  24. 

No.  25. 
No.  26. 
No.  27. 
No.  28. 
No.  29. 
No.  ro. 
No.  31. 
No.  32. 


Length. 


Miles. 
0. 75 
1.00 
.50 
1.00 
2.50 
1.50 
1.00 
3. 00 
.3.00 
2.00 
2.00 
1.50 
2.00 
1.00 
2.00 
1.00 
2.00 
1.00 
2.00 
1.00 
2.00 
1.00 
2.00 
1.00 
2.00 


Bottom 
width. 


Feet. 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 


Grade 
per  mile. 


Feet. 
1.0 


1.0 


1.5 
1.5 


1.0 


2.0 
3.0 


Dimensions  and  cost  of  mains  and  laterals. 


Ditch. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost 
per  mile. 

Total 
cost. 

Miles. 

Feet 

Feet. 

Feet. 

Cu.  yds. 

f  5.00 

12. 

0 

1.0 

8.0 

593 

$3, 131 

$15, 655 

1  2.50 

10. 

0 

1.0 

8.0 

533 

2,814 

7,035 

1  .5.00 

6. 

0 

1.4 

6.0 

267 

1,410 

7.050 

I  1.00 

3 

0 

4.0 

133 

722 

722 

/  1.00 

8 

0 

1.0 

6.0 

378 

2,395 

2,395 

\  1.00 

4 

0 

1.0 

6.0 

289 

1,831 

1,831 

2.00 

5 

0 

1.0 

6.0 

311 

1,970 

3, 940 

1  4.00 

10. 

0 

2.0 

8.0 

533 

2,814 

11,256 

i  5.00 

8 

0 

1.5 

8.0 

474 

2.503 

12,  515 

I  3.00 

8 

0 

2.0 

(..0 

311 

1,642 

4.926 

(     55. 75 

3 

0 

4.0 

133 

772 

43,039 

\  28.50 

3 

0 

5.0 

194 

1,178 

33, 573 

I  1.00 

4 

0 

5.0 

■  213 

1,294 

1,294 

Cleaning  out  7  miles  of  coulee,  with  12-foot  bottom,  4  feet  deep,  below 

mouth  of  Main  A,  at  center  of  section  20,  Mapleton  Township   110,  514 

Seven  highway  l^ridges.  Main  A,  210  feet,  at  $5  per  foot   1,  050 

Contingencies,  Main  A   3,400 

Contingencies,  Main  B   400 

Contingencies,  Main  C   900 

Cleaning  out  4  miles  of  coulee,  with  a  10-foot  bottom,  4  feet  deep,  from  the 
mouth  of  Main  D,  at  the  south  side  of  section  24,  Durbin  Township,  to  the 

junction  with  Main  A  coulee  in  section  8,  Mapleton  Township   5.  248 

Right  of  way  7  miles  in  length,  33  feet  in  width,  Main  D,  28  acres,  at  $30  per 
acre   ^40 
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Seven  highway  bridges,  Main  D,  210  feet,  at  |5  per  foot   $1,  050 

Contingencies,  Main  D   2  400 

Contingencies,  laterals   g  qqq 

Total  cost  for  district:  • 

Main  A   45  426 

MainB   4  g26 

Maine   4,slo 

Ma'nD   38  235 

Laterals  ;   85  90(; 

'••"otal    179,  033 

Average  cost  per  acre   9  42 

ARGUSVILLE  DISTRICT. 

Argusville  district  covers  an  area  of  110,000  acres  lying  north  and 
west  of  the  Maple  and  Sheyenne  rivers  and  south  of  the  east  and 
west  section  line,  1  mile  south  of  Gardner.  To  prevent  overflows 
by  the  Eush  Eiver,  a  new  channel  has  been  designed  for  this  stream, 
intersecting  the  old  channel  near  the  east  line  of  section  24,  Rush 
River  Township.  To  give  the  old  Argusville  ditch  a  sufficient  chan- 
nel to  drain  the  tributary  area,  the  present  channel  should  be  deep- 
ened 4  feet.  Main  A  drains  48,000  acres  at  the  mouth,  slide  slope 
1  to  1;  Main  B  drains  160,000  acres  at  the  mouth,  side  slope  1  to  1. 

Laterals. 


Lateral. 


No.  1  . 


No.  2. 


No.  3. 


No.  4. 


No.  .5. 


No.  6. 


No.  la. 


Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Miles. 

Feet. 

Feel. 

Feet. 

1  4.00 

6.0 

1.0 

6.0 

1.00 

4.0 

2.0 

5.0 

3.00 

3.0 

4.0 

5.0 

4.00 

3.0 

5.0 

4.0 

3.00 

6.0 

1.0 

6.0 

1.00 

4.0 

2.0 

5.0 

3.00 

3.0 

4.0 

5.0 

4.00 

3.0 

5.0 

4.0 

2.00 

3.0 

1.0 

6.0 

2.00 

3.0 

1.0 

5.0 

1.00 

3.0 

1.0 

4.0 

2.  .50 

6.0 

1.0 

6.0 

1.00 

4.0 

2.0 

5.0 

3.00 

3.0 

3.0 

5.0 

4.00 

3.0 

5.0 

4.0 

2.50 

6.0 

1.0 

6.0 

1.00 

4.0 

2.0 

5.0 

3.00 

3.0 

4.0 

5.0 

5.00 

3.0 

5.0 

4.0 

1.75 

6.0 

1.0 

6.0 

1.00 

4.0 

2.0 

5.0 

3.00 

3.0 

4.0 

5.0 

5.00 

3.0 

5.0 

4.0 

2.50 

8.0 

1.0 

6.0 

1.00 

5.0 

3.0 

.5.0 

3.00 

4.0 

4.0 

5.0 

1.00 

3.0 

4.0 

5.0 

4.00 

5.0 

5.0 

4.0 

Lateral. 


Length. 


No.  8. 


No.  9. 


No.  10. 


No.  11. . 
No.  12  '> . 

No.  13. . 

No.  14.. 
No.  15.. 
No.  10.. 


Miles. 
2.25 
1.00 
3.00 
4.00 
.25 
2.00 
1.00 
2.00 
1.00 
3.00 
4.00 
1.00 
1.00 
3.00 
2.00 
1.00 
2.00 
1.00 
2.00 
1.00 
2.00 
1..50 
1.00 


Bottom 
width. 

Grade 
per  mile. 

Depth. 

Feet. 

Feet. 

Feet. 

8.0 

1.0 

6.0 

5.0 

3.0 

5.0 

4.0 

4.0 

.5.0 

5.0 

5.0 

4.0 

4.0 

.  1.0 

5.0 

3-.0 

1.0 

.5.0 

3.0 

1.0 

4.0 

8.0 

1.0 

6.0 

5.0 

3.0 

5.0 

4.0 

4.0 

5.0 

5.0 

5.0 

4.0 

3.0 

1.0 

5.0 

3.0 

1.0 

4.0 

4.0 

2.5 

5.0 

4.0 

3.0 

4.0 

3.0 

4.0 

3.0 

i.6 

5.0 

3.0 

1.0 

4.0 

3.0 

1.0 

.5.0 

3.0 

1.0 

4.0 

3.0 

1.0 

5.0 

3.0 

1.0 

.5.0 

3.0 

1.0 

4.0 

a  Laterals  7  to  10  are  designed  to  carry  the  drainage  west  to  the  Great  Northern  Railroad, 
west  of  the  railroad  should  be  taken  into  the  Rush  River. 
b  Lateral  12  will  carry  the  drainage  west  to  the  Rush  River. 


Drainage 
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Dimensium  and  cost  of  mains  and  laterals. 


Ditch. 


Length. 


Bottom 
width. 


Grade 
per  mile. 


Depth. 


Excava- 
tion per 
100  feet. 


Cost  per 
mile. 


Mnin  A. 


Main  B. 


l/iitcnils. 


Miles. 
1.00 
1.25 
1.00 
1.00 
1.25 
1.00 
3.50 
.■{.00 
ri.OO 
4.50 
29.00 
12.00 
2.00 
28. 50 
17.25 
3.00 
2.00 
13.75 
6.75 


Feet. 
10.0 
14.0 
12.0 
12.0 
10.0 
10.0 
40.0 
30.0 
20.0 
18.0 
3.0 
5.0 
4.0 
3.0 
4.0 
5.0 
3.0 
6.0 
8.0 


Feet. 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.0 
4.0 
5.0 


Feet. 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
10.0 
9.0 
8.0 
8.0 
4.0 
4.0 
4.0 
5.0 
5.0 
5.0 
6.0 
6.0 
6.0 


Cu.  yds. 
2% 
267 
237 
237 
207 
207 
1,852 
1,300 
1,007 
770 
133 
163 
148 
194 
213 
232 
267 
333 
378 


Contingencies,  Main  A   .?1,000 

Right  of  way  3.5  mile,s  in  length,  66  feet  wide,  Main  B,  28  acres,  at  .530  per 

acre   840 

i;ii,'lit  of  way  12.5  miles  in  length,  49.5  feet  wide,  Main  B,  75  acre.s,  at  S30  per 

acre   2,250 

Fifteen  highway  bridges,  Main  B,  680  feet,  at  $10  per  foot   G,  800 

Contingencies,  Main  B   (i,  600 

Contingencies,  laterals   14,300 

Cleaning  out  coulee  in  Raymond  Township,  from  the  southwest  corner  of  sec- 
tion 5  to  the  northeast  corner  of  section  34,  to  a  depth  of  5  feet  below  the 

ground  surface   3,  936 

( 'leaning  out  ditch  and  coulee  from  center  of  section  15  to  the  northea.st  corner 
of  section  2,  to  a  depth  of  5  feet  below  the  general  surface   2,  660 


Total  cost  for  district: 

Main  A   10,946 

Main  B   110, 190 

Cleaning  out  coulee   3,  936 

Cleaning  out  coulee   2,  660 

Laterals   157,255 


Total   290,987 


Average  co.st  per  acre   2.  65 


THE  GARDNER  DISTRICT. 


The  Gardner  district  covens  an  area  of  47,300  acres  lying  between 
the  Rush  Kiver  district  and  the  Traill  County  line. 
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Latemh. 


Length. 


Miles. 
2.75 
2.00 
4.00 
1.00 
2.50 
3.00 
3.00 
3.50 
3.00 
3.00 
2.50 
1.00 
3.00 
3.00 


B.ottoni 
width. 

Grade 
per  mile. 

Depth. 

Lateral. 

I^ength. 

Bottom 
width. 

Grfl,de 
per  mile. 

Depth 

Feet. 

Feet. 

Feet. 

Miles. 

Feet. 

Feet. 

Feel. 

5.0 

1.0 

6.0 

1  3.00 

4.0 

2.0 

CO 

4.0 

2.0 

5.0 

No.  5  

\  3.00 

3.0 

3.0 

5.0 

3.0 

4.0 

5.0 

I  3.00 

3.0 

4.0 

3.0 

1.0 

4.0 

2.50 

5.0 

1.0 

6.0 

5.0 

1.0 

6.0 

No.  6  

\  3.00 

3.0 

4.0 

5.0 

3.0 

3.0 

5.0 

I  4.00 

3.0 

4.0 

4.0 

3.0 

4.0 

4.0 

2.50 

5.0 

1.0 

6.0 

5.0 

1.0 

6.0 

No.  7  

\  3.00 

3.0 

3.0 

5.0 

3.0 

4.0 

5.0 

[  5.00 

3.0 

4.0 

4.0 

3.0 

3.5 

4.0 

5.0 

1.0 

6.0 

4.0 

2.0 

5.0 

3.0 

4.0 

5.0 

3.0 

4.0 

4.0 

Summary  of  laterals. 


Length. 

Bottom 
width. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Total  cost. 

Miles. 

Feet. 

Feet. 

Cu.  yds. 

22.  CC 

3.0 

4.0 

133 

S772 

$16, 984 

22.00 

3.0 

5.0 

194 

1,178 

25,910 

3.00 

4.0 

5.0 

213 

1,294 

3,882 

3.00 

4.0 

6.0 

298 

1,831 

5,493 

16.25 

5.0 

6.0 

311 

1,970 

32,012 

Contingencies,  laterals   §8,  40u 

Cleaning  out  coulee  in  sections  2  and  3,  Noble  Township   2,000 

Cleaning  out  coulee  in  section  14,  Noble  Township   2,  000 

Cleaning  out  coulee  in  sections  27  and  34,  Noble  Township   2,  500 


Total  cost  for  district: 

Cleaning  out  couMe   2,  000 

Cleaning  out  coulee   2, 000 

Cleaning  out  coulee   2,500 

Laterals   92,687 


Total   99.187 


Average  cost  per  acre   2.10 


HUNTER  DISTRICT. 

Hunter  district  covers  an  area  of  24,000  acres  in  the  vicinity  of 
Hunter.  The  head  of  the  coulee  should  be  cleaned  out  until  it  has 
an  8-foot  bottom  and  a  depth  of  6  feet  below  the  surface  to  the  mouth 
of  Main  B,  and  above  Main  B  a  6-foot  bottom  and  a  depth  of  5  feet. 
Where  needed,  lateral  ditches  should  be  constructed  along  the  section 
lines,  west,  the  size  of  Nos.  6  and  8.  Mains  A  and  B  are  intended  as  a 
continuation  of  the  coulees  which  come  through  the  ridges  at  Hunter 
and  Arthur.  Main  A  drains  17,000  acres  at  the  mouth,  side  slope  1  ^  to 
1.    Main  B  drains  4,000  acres  at  the  mouth,  side  slope      to  1. 
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Laterals. 


Lateral. 

Length. 

Bottom 
width. 

Miles. 

Feet. 

f  2.00 

4.0 

No.  1  

\  1.00 

3.0 

1  2.00 

3.0 

No.  2  

1.25 

3.0 

No.  .S  

1.25 

3.0 

Grade 


Feet. 
3.5 


Depth. 


Feet. 
5.0 
5.0 
4.0 
4.0 
4.0 


Lateral. 


No.  4. 
No.  5. 
No.  ti. 
No.  7, 
No.  8. 


Length. 


Miles. 
1.75 
1.50 
4.50 
1.00 
3.50 


Bottom 
width. 


Feet. 
3.0 
3.0 
3.0 
3.0 
.3.0 


Grade 
per  mile. 


Feet. 


Depth. 


Frtt. 
4.0 
4.0 
4.0 
4.0 
4.0 


Dimensions  and  cost  of  mains  and  laterals. 


Ditch. 

l>ength. 

Bottom 
width 

Grade 
per  mile. 

Depth. 

Excava- 
tion per 
100  feet. 

Co.st  per 
mile. 

Total 
cost. 

Miles. 

Feet. 

Feet. 

Feet. 

Cv.  yds. 

Main  .\  

5.00 

6.0 

4.0 

5.0 

250 

$1,518 

S7,590 

Main  H  

4.00 

4.0 

4.0 

5.0 

213 

1,294 

5,176 

('IpaiiiiiR  out  coulop  

r  2.00 

8.0 

6.0 

378 

2, 395 

4,790 

t  2.00 

6.0 

.5.0 

250 

1,518 

3, 036 

1  2.00 

4.0 

5.0 

213 

1,294 

2,588 

I.tilcrals  

\  1.00 

3.0 

5.0 

194 

1,178 

1,178 

1     16. 75 

3.0 

4.0 

133 

772 

12,913 

Five  highway  bridge.-:,  Main  \,  125  feet,  at  $5  per  foot. 

Colli ingcncios.  Main  A  

Four  highway  bridge?,  Main  B,  80  feet,  at  |5  per  foot 
Contingencie.':,  Main  B  


  .$625 

  800 

  400 

  600 

Continsfencif^s.  laterals   1,700 


Total  cost  for  district: 

Cleaning  out  eoiilee   7,  826 

Main  A   9,015 

MainB   6,176 

Laterals   18,397 


Total   41,414 

Average  cost  per  acre     1.  73 

TRAILL  COUNTY. 
(See  map,  PI.  III.) 
ELM  RIVER  DISTRICT. 

Elm  River  district  iiicludes  an  area  of  62,000  acres,  drained  by  the 
Elm  River.  Mains  6  to  10  are  designed  with  a  capacity  sufficient  to 
carry  the  drainage  6  miles  west  of  the  railroad.  The  north  branch  of 
the  Elm  River  is  very  crooked  and  the  channel  obstructed  by  bushes. 
To  i^roperly  drain  the  territory  west  of  the  area  surveyed,  the  upper 
end  of  this  branch  should  be  cleaned.  This  could  best  be  done  by 
dredging,  beginning  near  the  south  line  of  section  26,  Bloomfield 
township,  and  constructing  a  channel  with  an  8-foot  bottom  and  7 
feet  deep  to  the  north  side  of  section  5.  This  channel  would  be 
apj)roximately  9  miles  in  length,  having  a  fall  of  about  4  feet  per  mile, 
and  would  cost  $27,000.  To  prevent  overflows  on  the  lower  end  of  the 
river  a  channel  12  feet  in  bottom  width  and  9  feet  in  depth  should  be 
started  in  .section  31,  Hill.sboro  district,  and  carried  to  its  junction 
with  the  main  Elm,  a  distance  of  approximately"  10  miles,  having  a 
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fall  of  about  4  feet  per  mile,  and  would  cost  $45,000.  Part  of  the 
cost  of  the  lower  work  should  be  charged  to  the  south  side  of  Hills- 
boro  district,  as  it  would  prevent  overflows  damaging  the  land  east, 
while  part  of  the  cost  of  the  upper  work  should  be  paid  by  the  terri- 
tory lying  west  of  the  area  surveyed. 

Laterals. 


Lateral. 


No.  1 

No.  2 

No.  3 

No,  4 

No.  5 

No.  G 

No.  7, 

No.  8. 

No.  9. 

No.  10. 


Bottom 
width. 

Grade 
per  mile. 

Depth. 

Miles. 
3.  50 
2. 00 

Feet. 
3.0 
3. 0 

Feet. 
1.0 

Feet. 
5.0 
4.0 
5.0 
4.0 
4.0 
5.0 

2. 00 

3.0 

2.  00 

3.0 

1.00 

3.0 

2.  75 

3.0 

4.00 

3.0 

4.0 
5.0 
4.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

1.25 

3.0 

4.00 

3.0 

1.75 
3. 00 

4.0 
3.0 

3.5 

1.75 

4.0 

3. 00 

3.0 

1.25 

4.0 

3. 00 

3.0 

1. 25 

4.0 

2. 00 

3.0 

1.  00 

4.0 

2. 00 

3.0 

Lateral. 


No.  11 

No.  12 
No.  13 
No.  14 

No.  15 

No.  16 

No.  17, 
No.  18, 
No.  19. 

No.  20. 
No.  21. 
No.  22. 


Length. 

Bottom 
width.. 

Miles. 

Feet. 

2. 00 

3.0 

1.00 

3.0 

1.50 

3.0 

1.25 

3.0 

1.00 

3.0 

2. 00 

3.0 

3. 00 

3.0 

1.00 

3.0 

3. 00 

3.0 

2. 00 

3.0 

2. 00 

3.0 

2.50 

3.0 

1.25 

3.0 

2. 00 

3.0 

1.50 

3.0 

1.25 

3.0 

2. 00 

3.0 

1.75 

3.0 

Grade   

per  mile.  ^^P*^- 


Feet. 
1.0 


2.0 
].0 


Feel. 
5.0 
4.0 
4.0 
4.0 
4.0 
5.0 
4.0 
5.0 
4.0 
5.0 
4.0 
4.0 
.5.0 
4.0 
5.0 
40 
4.0 
4.0 


Dimensions  and  cost  of  laterals. 


Length. 

Bottom 
width. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Total  cost. 

Miles. 
35.25 
32.25 
7.00 

Feet. 

ao 
ao 

4.0 

Feet. 
4.0 
5.0 
5.0 

Cu.  yds. 
133 
194 
213 

$772 
1,178 
1,294 

$27,213 
37,990 
9,058 

Contingencies   17,500 

Total  cost  of  laterals  for  district   75^ 

Average  cost  per  acre   I  32 

HILLSBORO  DISTRICT. 

The  Hillsboro  district  covers  an  area  of  52,500  acres,  lying  between 
the  Elm  and  Goose  Rivers  and  east  of  Bloomfield  township. 

Latei^als. 


Lateral.  Length. 


No.  1. 
No.  2. 


No.  3. 


No.  4. 


No.  5. 


No.  (i. 


Miles. 
2.00 
1.00 
4.00 
a  50 
5.00 
a  50 

a  00 

4  00 

a  50 
a  00 

400 
2.00 

a  00 
2.00 

400 


Bottom  Grade 
width,    per  mile. 


Feet. 

ao 
ao 
ao 
ao 
ao 

40 

ao 
ao 

40 

ao 
ao 

4  0 
40 

ao 
ao 


Feet.  ■ 
40 


40 

ao 

5.0 

ao 
5.0 
ao 
ao 
5.0 
6.0 
1.5 
ao 
ao 
5.0 


Depth. 


Feet. 
40 
5.0 
40 
5.0 
40 
5.0 
5.0 
40 
5.0 
5.0 
40 
6.0 
5.0 
5.0 
40 


Lateral. 


No. ; 


No.  8. 


No.  9.. 
No.  10. 
No.  11. 
No.  12. 
No.  13. 


Miles. 
1.50 
4  00 
2.00 
400 

aoo 

2.00 
400 
2.  75 
400 
1.50 
2.75 
1.75 


Bottom 
width. 

Grade 
per  mile. 

Depth. 

Feet. 

Feet. 

Feet. 

5.0 

1.0 

6.0 

5.0 

2.1 

5.0 

ao 

5.0 

ao 

4  0 

40 

2.0 

ao 

IS 

ao 

4.0 

ao 

5.0 

4  0 

ao 

ao 

4.  0 

ao 

4.  0 

ao 

4  0 

ao 

40 

I 


I 


1 

1  ' 

3*  T 

>  W. 

1 


TRAILL  COUNTY.  NORTH  DAKOTA 
PROPOSED  DRAINAGE 
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Dimensions  and  cost  of  laterals. 


Length. 

Bottom 
width. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Total  cost. 

Miles. 
4:i75 
16.50 
2.00 
1.50 
4.00 

laoo 

Feet. 

ao 
ao 

4.0 

.5.0 
.5.0 
4.0 

Feet. 
4.0 

5.0 
6.0 
6.0 
.5.0 
.5.0 

Cu.  yds. 
133 
194 

289 
311 
2.32 
213 

8772 
1,178 
1,831 
1,970 
1,409 
1,294 

$33, 775 
19, 437 
3, 662 
2,955 
5,  (>36 
16,822 

Clcaniti-  nut  coulee  in  section  11,  T.  145,  R.  49   *800 

Cleiuihi-  <mt  coulee  in  sections  34  and  35,  T.  145,  R.  49   2,  000 

rieaniiiL'  out  coulee  in  section  5,  T.  144,  R.  49   600 

  8,500 

Contingencies   ' 

Total  ('o.-^t  of  laterals  lor  districl   94,  187 

1  79 

Average  cost  per  acre  

BELM(^NT  DISTRICT. 

Behnoiit  district  covers  an  area  of  S3, ()()()  acres,  lyino;  between 
Goose  River  and  BiifValo  Coulee.  Main  A  drains  18,000  acres  at 
mouth,  side  slope  1  h  to  1 . 

Laterals. 


Lateral.   '  Length. 


.'Utiles. 

V  ,  I  3.00 

No.  2   2.  .50 

No.  3   3.  .50 

No.  4   4.50 

No.  5   4.00 

Nn  (;  ' 

V  -  f       3.  ,50 
' 1       a  00 

(  1. 2.5 

XT     V.  I  4.00 

N"-*'  \  2.00 

I  4.00 

a  00 

No.'.)   3.00 

a  00 
I     a  00 

4.  .50 

  a  00 

I  2.00 


Bottom 
width. 


Feet. 

ao 
ao 
ao 
ao 
ao 
ao 

4.0 

ao 

4.0 

ao 

4.0 

ao 

4.0 

ao 

.5.0 
5.0 

ao 

4.0 

ao 

.5.0 

ao 

4.0 

ao 


Grade 
per  mile. 


Feet. 
1.0 
1.0 

ao 
ao 

4.0 
.5.0 
6.0 


2.0 


L5 
2.0 
4.0 


Depth. 


Feet. 
&0 
5.0 
4.0 
4.0 
4.0 
4.0 
4.0 
40 
4.0 
4.0 
6.0 
5.0 
4.0 
4.0 
6.0 
5.0 
5.0 
4.0 
4.0 
5.0 
5.0 
4.0 
40 


Lateral. 


No.  11 . 


Length. 


No.  12. 


No.  13. 


No.  14.. 
No.  15.. 
No.  16.. 

No.  17.. 


Bottom  Grade  rionth 
width,    per  mile.  ;  "^P'^''- 


No.  18. 


Miles. 

Feet. 

Feet. 

Feet. 

1.75 

40  ' 

2.0 

6.0 

a  00 

40 

2.0 

5.0 

a  00 

40 

40 

400 

ao 

4  0 

1.  75 

4  0 

2.0 

6.0 

a  00 

ao 

ao 

5.0 

400 

4  0 

40 

aoo 

ao 

40 

a  25 

ao 

ao 

5.0 

400 

40 

ao 

4  0 

aoo 

ao 

4  0 

4  00 

ao 

ao 

40 

2.50 

ao 

4  0 

2.00 

ao 

4  0 

2.00 

ao 

.5.0 

2.00 

ao 

4  0 

2.00 

40 

4  0 

2.00 

ao 

4  0 
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Dimensions  and  cost  of  main  and  laterals. 


Ditch. 


Main  A . 


Laterals . 


Miles. 
3.50 
1.  00 
1.00 
52.00 
28.00 
21.  25 
3.00 
7.50 
3.00 
4.75 
1.  25 


Bottom 
\vidth. 


Feet. 
12.0 
10.0 
8.0 
3.0 
4.0 
3.0 
4.0 
5.0 
3.0 
4.0 
5.0 


Grade 
per  mile. 


Feet. 
1.0 
1.0 
1.0 


l.'eptn. 

Excava- 
tion per 
100  feet. 

Feet. 

Cu.  yds. 

7.0 

493 

6.  0 

356 

6.0 

311 

4.0 

133 

40 

148 

5.0 

194 

5.0 

213 

5.0 

232 

6.0 

267 

6.0 

289 

6.0 

311 

Cost  per 
mile. 


Total 
cost. 


$2, 603 
1,880 
1.642 
772 
860 
1,178 
1,294 
1,409 
1,692 
1,831 
1,970 


$9,110 
1.880 
1,642 
40.144 
24,080 
25,033 
3,882 
10, 567 
5, 070 
8,697 
2, 462 


Itiglit  of  way  5.5  miles  in  length,  ,33  feet  wide,  Main  A,  22  acres,  at  $30  per 
acre  


Five  highway  bridges,  Main  A,  ]30  feet,  at  ?5  per  foot. 
Contingencies,  Main  A  


  .fi660 

  G50 

^,      .    1,400 

Cleaning  out  coulee  m  section  35,  T.  147,  R.  49  W   1  000 

Contingencies,  laterals   ^2  qqq 

Total  cost  for  district: 

Main  A...  

Laterals  


Total. 


  15, 342 

  132,941 

  148,283 

Average  cost  per  acre   1^79 

BUXTON  DISTRICT. 

Buxton  district  covers  an  area  of  36,400  acres  drained  by  Buffalo 
coulee.  Mains  A  and  B  are  designed  to  caTTj  the  drainage  of  that 
portion  of  Buxton  Township  wliich  was  not  surveyed.  Tliis  area 
can  probably  be  drained  by  running  the  ditches  along  the  section 
hne  north  into  Main  B.  Main  A  drains  23,000  acres  at  mouth,  side 
slope  li  to  1;  Main  B  drains  16,000  acres  at  mouth,  side  slope  u'to  1. 

Laterals. 


Lateral. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Miles. 

Feet. 

Feet. 

Feet. 

(  3.00 

7.0 

1.0 

6.0 

No.  1  

1  3.00 

4.0 

3.0 

5.0 

1       4  00 

4  0 

9.0 

4  0 

[      4  00 

3.0 

4,0 

4,0 

I       1. 00 

7.0 

1.0 

6,0 

2.00 

4  0 

3.0 

.5  ,0  I 

No.  2  

\       3. 00 

3.0 

4  0 

5,0 

4  00 

4,0 

0.0 

4  0 

I       4  00 

3.0 

4,0 

(  1.00 

4.0 

1.0 

6.0 

1  1.00 

3.0 

3.0 

5.0 

1  2.00 

4.0 

.5.0 

4.0 

I       4  00 

3.0 

4.0 

Lateral. 


No.  4 

No.  5 

No.  0 
No.  7 
No.  8 


Length. 


Miles. 
2.50 
3.00 
1.25 
3.00 
5. 00 
2.  25 
2.  ,50 


Bottom 

Grade 

Depth. 

width. 

per  mile. 

Feet. 

Feet. 

Feet. 

3.0 

2.0 

5.0 

3.0 

12.0 

,5.0 

3.0 

5.0 

3.0 

4.0 

4.0 

4.0 

4  0 

3.0 

4  0 

3.0 

4.0 
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Dimensions  and  cost  of  mains  and  laterals. 


Ditch. 


Main  A . 
Main  H. 


Lutcnils. 


Length. 


Bottom 
width. 


Miles. 
2. 75 
3.  7.5 
2.50 
2.00 
1.00 
19.  75 
15.00 
10.75 
5.00 
1.00 
4.00 


Feet. 
7.0 
(i.O 
5.0 
4.0 
H.O 
3.0 
4.0 
3.0 
4.0 
4.0 
7.0 


Grade 
per  mile. 


Feet. 
;i.0 
4  0 
10.0 
8.0 
5.0 


Depth. 


Feet. 
6.0 
6.0 
6.0 
6.0 
6.0 
4.0 
4.0 
5.0 
5.0 
6.0 
6.0 


Excava- 
tion per 
100  feet. 


Cu.  yds. 
356 
333 
311 
289 
267 
133 
148 
194 
213 
289 
356 


Cost  per 
mile. 


$2,255 
2,110 
1,970 
1,831 
1,692 
772 
860 
1,178 
1,294 
1,831 
2,256 


Total 
cost. 


$6, 201 
7,912 
4,925 
3,662 
1,692 
15,247 
12,900 
12,654 
6,470 
1,831 
9,024 


Contingencies,  Main  A   $1,400 

Contingencies,  Main  B   1,000 

Contingencies,  laterals   5,  700 


Total  for  dislrict; 

(Main  A   15,513 

Main  B   11,279 

Laterals   63,826 

Total   90,618 


A^'crage  cost  pel'  acre   2.  49 

GRAND  FORKS  COUNTY. 
(See  niai).  PI.  IV.  I 
REYNOLDS  DISTRICT. 

Reynolds  district  covers  an  area  of  48,000  acres  lying  south  and 
east  of  Elm  Coulee.  Main  A  drains  15,000  acres  at  south  side  of 
section  17,  side  slope  li  to  1;  Main  B  drains  8,000  acres  at  mouth, 
side  slope  1|  to  1;  Main  C  drains  5,000  acres  at  mouth,  .side  slope 
U  to  1. 

Laterals. 


Latcrul. 

Longth. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Miles. 

Feel. 

Feet. 

Feet. 

No.  1 

I  I.tO 

,i.O 

1.0 

5  0 

1  1.00 

3.0 

1.5 

4.0 

No.  2  

2.  25 

3.0 

1.0 

6.0 

I  2.00 

3.0 

2.0 

5.0 

1  00 

3.0 

5.0 

4.0 

2.00 

3.0 

3.0 

4  0 

Ko.  4 

.75 

.3.0 

6.0 

4.0 

1  1.25 

4.0 

1.0 

5.0 

{  1.00 

3.0 

1.0 

5.0 

I  2.00 

3.0 

4  0 

4.0 

No.  ti 

1.25 

3.0 

4.0 

Lateral. 


No.  7.. 
No.  8.. 
No.  9.. 
No.  10. 
No.  11. 

No.  12. 

No.  13. 
No.  14. 


Length. 

Bottom 
width. 

Grade 
per  mile. 

Dopth. 

Miles. 

Feet. 

Feet. 

Feet. 

2.00 

3.0 

4.0 

1.25 

3.0 

4.0 

1.25 

3.0 

4.0 

2.  25 

3.0 

4.0 

(  1.25 

3.0 

1.0 

6.0 

(  4.00 

,3.0 

5.0 

4.0 

(  2.75 

4  0 

6.0 

4.0 

(  5.00 

3.0 

7,5-10.0 

4.0 

4. 75 

3.0 

7.5-16.0 

4.0 

4  00 

3.0 

8. 5-12. 0 

4.0 
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Dimensions  and  cost  of  mains  and  laterals. 


Ditch. 


Main  A. 

Main  B . 
MainC. 

Laterals 


Length. 


Miles. 
1.0 
1.0 
1.0 
1.5 
2.0 
LO 
2.5 
2.0 
33.50 
2.  75 
4.50 
1. 25 
3.50 


Bottom 
width. 


Feet. 
5.0 
5.0 
3.0 
7.0 
6.0 
4.0 
4.0 
3.0 
3.0 
4.0 
3.0 
4.0 
3.0 


Grade 
per  mile. 


Feet. 
2.5 
1.5 
1.0 
1.0 
1.0 
fi.O 
1.0 
2.0 


Depth. 


Feet. 
6.0 
6.0 
6.0 
6.0 
6.0 
5.0 
6.0 
5.0 
4  0 
4.0 
5.0 
5.0 
6.0 


Excava- 
tion per 
100  feet. 


Cu.  yds. 
311 
311 
267 
356 
333 
213 
289 
194 
133 
148 
194 
213 
267 


Cost  per 
mile. 


$1,970 
1,970 
1,692 
2,256 
2,110 
1,294 
1,8.31 
1,178 
772 
860 
1,178 
1,294 
1,692 


Total 
cost. 


SI, 970 

1,970 
1,692 
3,:!84 
4,220 
1,294 
4,577 
2,356 
25,862 
2,.?65 
5,301 
1,617 
5,622 


Right  of  way  3  miles  in  length,  33  feet  wide,  Main  A,  12  acres,  at  $30  per  acre. .  S360 

Three  highway  bridges,  Main  A,  70  feet,  at  $5  per  foot   350 

Contingencies,  Main  A   500 

Contingencies,  Main  B  '   gOO 

Contingencies,  Main  C   700 

Contingencies,  laterals   4^  200 

Cleaning  out  Coven  Creek  to  where  it  is  crossed  by  the  Great  Northern  Railroad, 

9  miles,  at  $500  per  mile   4,  500 

Total  cost  for  district: 

Main  A   6,  842 

MainB   9,798 

MainC  '   7.  G33 

Cleaning  out  Coven  Creek   4,  500 

Laterals   45,267 

Total   74,040 

Cost  per  acre   1.  ,54 

THOMPSON  DISTRICT. 

Thompson  district  covers  an  area  of  30,000  acres  lying  between  Elm 
Coulee  and  the  northern  tier  of  sections  in  Allendale  and  Walle 
townships.  Main  A  drains  9,000  acres  at  mouth,  side  slope  l  ;l  to  1 : 
Main  B  drains  7,000  acres  at  mouth,  side  slope  H  to  1;  Main  C  drains 
26,000  acres  at  mouth,  side  slope  H  to  1. 

Laterals. 


Lateral. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

No.  1  

Miles. 
J  2.00 
\  2.00 
.75 

/  2.75 
t  2.00 
3.00 

Feel. 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

Feet. 

1.  5-4.  0 
6.0 
10  0 
2.0 
6.0 
5.0 

Feet. 
5.0 
4.0 
4.0 
.5.0 
4.0 
4,0 

No.  2  

No.  3  

No.  4  

Lateral. 


No.  5 
No.  6 

No.  7 


Length. 


Miles. 
2.25 
3.00 
1.00 
2.00 
3.00 
5.00 


Bottom 
width. 


Feet. 
3.0 
3.0 
3.0 
5.0 
3.0 
3.0 


Grade 
per  mile. 


Feet. 
2.0 
6.0 
8.0 
2.0 
4.0 
4.0 


Depth. 


Frit. 

r,.o 

4.0 
4.0 

■>.o 

.■).0 
4.0 
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Dimensions  and  cost  of  viains  and  laterals. 


Ditch. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Total 
cost. 

Miles. 

Feet. 

Feet. 

Feet. 

Cu.  yds. 

1  1.50 

7.0 

1.0 

&0 

356 

$2, 256 

$3,384 

<       2. 00 

5.  0 

3.  0 

5.  0 

232 

1,409 

1  2.00 

4.0 

3.0 

.'i.O 

213 

1,294 

2,588 

7.00 

4.0 

7.0 

4.0 

148 

840 

5,880 

Main  C  

6.50 

7.0 

6.0 

5.0 

268 

1,627 

10,575 

f  16.75 

3.0 

4.0 

133 

772 

12,931 

Laterals  

\  10.00 

3.0 

5.0 

194 

1,178 

11,780 

1  2.00 

5.0 

5.0 

232 

1,409 

2,818 

Contincencios,  Main  A   $880 

Contingencie?,  Main  B     600 

Contingencies,  Main  C   1, 100 

Contingencies,  laterals   2,  700 


Total  cost  for  district: 

Main  A   9,670 

MainB   6,480 

Main  C...   11,675 

Laterals   30,229 


Total   58,054 

Cost  per  acre   1.  94 


MERRIFIELD  DISTRICT. 


Merrifield  district  covers  an  area  of  42,800  acres,  hang  between  the 
Thompson  flistrict  and  the  east  and  west  line  of  the  Great  Northern 
Railway.  Main  A  drains  33,000  acres  at  mouth,  side  slope  1^  to  1; 
Main  B  drains  17,000  acres  at  mouth,  side  slope  to  1;  Main  C 
drains  6,000  acres  at  mouth,  side  slope  H  to  1. 

Laterals. 


Lateral. 


No.  1 . . 
No.  2.. 
No.  3.. 


No.  4. 

No.  5. 
No.  0  . 
No.  7. 


Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Miles. 

Feet. 

Feet. 

Feel. 

2.00 

3.0 

1.0 

.5.0 

2.00 

3.0 

2.0 

4.0 

2.75 

3.0 

1.0 

5.0 

1      2.  .50 

3.0 

1.0 

6.0 

3.00 

3.0 

3.0 

5.0 

1  1.00 

3.0 

6.0 

4.0 

(      (i.  00 

3.0 

1.5 

6.0 

1  1.00 

3.0 

4.0 

1.00 

3.0 

4.0 

2..iO 

3.0 

■  4.0 

Lateral. 


No.  8.. 

No.  9.. 

No.  10  . 

No.  11  . 

No.  12  . 
No.  13  . 
No.  14  . 
No.  15  . 


Length. 


Miles. 
1..W 
1.00 
2.00 
0.75 
3.00 
2.00 
2. 75 
4.25 
2.75 
2.75 


Bottom 
width. 


Feel. 
3.0 
3.0 
3.0 
,3.0 
4.0 
3.0 
3.0 

'  3.0 
3.0 
3.0 


Grade 
per  mile. 


Feel. 
"2.5 


Depth. 


Feet. 
4.0 
5.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
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Dimensions  and  cost  of  mains  and  laterals. 


Ditch. 

Length. 

Bottom 
width. 

ri  A 

per  mile. 

Depth. 

Excava- 
tion per 
100  feet. 

Lost  per 
mile. 

i  Otjll 

cost. 

Miles- 

Feet 

Feet. 

Feet. 

Cu.  yd.i. 

1  0.(5 

8 

0 

4.0 

6.0 

378 

$2,395 

81,796 

Main  A  

J  1.00 

8 

0 

1.3 

6.0 

378 

2,395 

2,395 

1  1.00 

4 

0 

2.0 

6.0 

289 

1,831 

1,831 

1. 00 

3 

0 

6  0 

1, 692 

Main  B  

/      2!  00 

8 

0 

2.5 

6!o 

378 

2,395 

4,  790 

I  8.00 

6 

0 

3.0 

6.0 

333 

2,110 

6,330 

Main  C  

2.50 

4 

0 

2.5 

5.0 

213 

1,294 

3,235 

f     26. 25 

3 

0 

4.0 

133 

772 

20,  265 

1  3.00 

4 

0 

4.0 

148 

840 

2,  .520 

1  8.75 

3 

0 

5.0 

194 

1,178- 

10. 308 

[  8.50 

3 

0 

6.0 

267 

1,692 

14.382 

Right  of  way,  Main  A,  5  acres,  at  $30  per  acre   $150 

Four  highway  bridges,  Main  A,  100  feet,  at  |5  per  foot   500 

Contingencies,  Main  A   700 

Contingencies,  Main  B  :   1 .  100 

Contingencies,  Main  C   400 

Contingencies,  laterals   4,  700 

Cleaning  out  coulee  in  sections  29  and  30,  Brenna  Township   2,  740 

Cleaning  out  coulee  in  sections  26  and  27,  Brenna  Township   1,  400 


Total  cost  for  district: 

Main  A   9,064 

MainB   12,220 

Main  C   3,  635 

Cleaning  out  coulee   2,746 

Cleaning  out  coulee   1,  400 

Laterals   52, 175 

Total   81,240 

Cost  per  acre   1.  90 


MANVEL  DISTRICT. 

Manvel  district  covers  an  area  of  37,000  acres,  Ijnng  north  of  the 
main  line  of  the  Great  Northern  Railway  and  east  of  Salt  Coulee  and 
Turtle  River.  A  number  of  laterals  in  this  district  discharge  into  the 
Marais.  The  ]\Iarais  is  badly  clogged  with  bushes  and  drift  and 
should  be  cleaned  out  sufficiently  to  make  a  continuous  channel 
throughout  its  course. 

Laterals. 


Lateral. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Lateral. 

I^ength. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

No.  1  

Miles. 

2.  25 
f  3.50 
\  3.00 

1.00 
f  2.00 
\  7.00 

7.50 

Feet. 
3.0 
4.0 
3.0 
3.0 
5.0 
3.0 
3.0 

Feet. 

Feet. 
4.0 
5.0 
5.0 
4.0 
6.0 
5.0 
5.0 

No.  5  

Miles. 

5.75 
f  2.75 
1  3.00 
/  2.00 
\  4.00 

6.00 

Feet. 

'  3.0 
4.0 
.3.0 
3.0 
3.0 
3.0 

Feet. 
2.5 

Feet. 
5.0 
.5.0 
5.0 
fi.O 
,5.0 
.■|.  0 

No.  2  

2.0 
3  to  1 

1.0 
3.0 
3.0 

No.O  

No.  3 

No.  7  

No.  8  

1.0 
1.0 
3.0 

No.  4  
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Summary  of  laterals. 


Length. 

Bottoni 
width. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Total  cost. 

Miles. 

Feet. 

Feet. 

Cu.  yds. 

3.25 

3.0 

4.0 

133 

«772 

$2,609 

6.25 

4.0 

5.0 

213 

1,294 

8,087 

36.25 

3.0 

5.0 

194 

1,178 

42,702 

2.00 

5.0 

6.0 

.311 

1,970 

3,940 

2.00 

3.0 

6.0 

267 

1,692 

3.384 

Contingencies   $6,  000 

Total  cost  for  district: 

Cleaning  out  Maiais   $5,  000 

Laterals   66,622 

Total   71,622 

Cost  per  acre   1.  94 


OJATA  DISTRICT. 

Ojata  district  includes  the  territory  lying  west  of  Salt  Coulee. 
Part  of  this  district  is  covered  by  alkaline  basins  several  feet  lower 
than  the  svirroiinding  prairie.  The  area  outside  of  the  basins  is 
approximatel}'  20,000  acres,  which  would  be  benefited  by  lateral 
drainage  emptying  into  the  basins.  It  is  doubtfid  if  it  would  be 
profitable  to  attempt  any  drainage  of  the  basins  on  account  of  their 
alkaline  nature  and  the  large  cost  in  proportion  to  the  area  benefited. 
If  main  channels  were  constructed  through  these  basins  they  would 
prevent  stagnant  water  and  would  increase  the  value  of  the  basins 
for  pasture. 

Salt  Coulee  drains  21  square  miles  from  the  west,  and  a  channel 
with  a  10-foot  bottom,  4  feet  deep,  constructed  through  this  coulee, 
beginning  one-half  mile  below  the  Great  Northern  Railway  and  car- 
ried up  to  the  west  boundary  of  the  area  surveyed,  would  cost  about 
$15,000.  In  Oakville  Township  a  similar  channel  could  be  constructed 
at  the  outlet  of  Main  A  down  into  section  10  for  about  $1,000.  In 
sections  4  and  9  a  channel  with  a  6-foot  bottom  and  4  feet  deep  could 
be  constructed  for  about  $1,500.  A  channel  extending  through  the 
basin  in  Blooming  Township  with  8-foot  bottom  and  4  feet  deep 
would  cost  about  $15,000.  To  prevent  Salt  Coulee  from  overflowing 
to  the  east  through  the  depression  in  the  bank  in  section  18,  Brenna 
Township,  the  road  culvert  should  be  taken  out  and  a  high  road  grade 
maintained  along  the  west  line  of  section  18  across  this  depression. 
Main  A  drains  17,000  acres,  side  slope  1^  to  1. 
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Laterals. 


Lateral. 


Length. 


Miles. 
1.50 
1.50 
1.00 
1.50 
1.00 
1.25 
2.00 
J. 00 
.75 
1.00 


Bottom 
width. 


Feet. 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 


Grade 
per  mile. 


Feet. 
4.0 


Depth. 


Feet. 
4.0 
5.0 
4.0 
5.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 


Lateral. 


No.  9.. 

No.  10. 
No.  11. 

No.  12. 

No.  13. 
No.  14. 
No.  15. 
No.  16. 


Length. 


Miles. 
1.75 
.75 
1.75 
4.00 
2.50 
3.00 
4.. 50 
3.00 
3.00 
2.00 


Bottom 
width. 


Feet. 
3.0 
3.0 
3.0 
3.0 
4.0 
3.0 
3.0 
3  0 
3.0 
3.0 


Dimensions  and  cost  of  main  and  laterals. 


Ditch. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Total, 
cost. 

Main  A  

Laterals  

Miles. 
2.00 
(  33.25 
{  3.00 
[  2.50 

Feet. 

8.0 
3.0 
3.0 
4.0 

beet. 
0.0 

Feet. 
5.0 
4.0 
5.0 
4.0 

Cu.  yds. 
287 
133 
194 
213 

$1,742 
772 
1,178 
1, 294 

$3484 

25,  fsm 

3,534 
3,235 

Contingencies,  Main  A   S400 

Contingencies,  laterals   2,  900 

Total  cost  for  district: 

Main  A  :   3,884 

Laterals  ,   35, 338 

Total   39,222 

Cost  per  acre   1.96 


TURTLE  RIVER. 


Turtle  River  drains  328  square  miles,  and  overflows  to  the  north. 
As  the  channel  is  very  crooked  and  full  of  drift  it  would  be  advisable 
to  open  up  a  new  channel  and  make  cut-offs,  as  shown  on  the  maps. 

Turtle  River. 


Length. 

Bottom 
width. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

New  channel  

3  cut-offs  

Miles. 
7.25 
1.00 

Feet.  - 
30.0 
30.0 

Feet. 
10.0 
10.0 

Cu.ydi. 
1,482 

$7,825 

$56, 731 
8,000 
6,000 


70, 731 


TURTLE  RIVER  DISTRICT. 


Turtle  River  district  covers  an  area  of  104,000  acres,  lying  north 
and  west  of  the  Turtle  River.  On  account  of  the  alkaline  condi- 
tion of  the  lands  of  this  district  the  ditches  should  be  made  extra 
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deep.  Main  A  drains  6,000  acres  at  mouth,  side  slope  lA  to  1;  Main 
B  drains  18,000  acres  at  mouth,  side  slope  1^  to  1;  Main  C  drains 
27,000  acres  at  mouth,  side  slope  14  to  1. 

Laterals. 


Length. 


Miles. 
2.25 
3.00 
2.00 
2.50 
2.75 
2.00 
2.00 
4.00 
2.25 
2.00 
2.00 
1.25 
3.75 
4.25 
2.00 
1,75 
2.00 


Bottom 
width. 


Feet. 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 


Grade 
per  mile. 


Feet. 
1.0 
1.5-4 


2.0 
1.0 


3.0 
1.0 


5.0 
4.0 
4.0 
1.0 


Depth. 


Feet. 
6.0 
5.0 
4.0 
4.0 

'  6.0 
5.0 
4.0 
4.0 
6.0 
5.0 
4.0 
4.0 
4.0 
5.0 
4.0 
5.0 
4.0 


Lateral. 


No.  10. 
No.  11. 

No.  12. 
No.  13. 
No.  14. 
No.  15. 


T  ^y.  Bottom 

width. 


Miles. 
6.00 
2.00 
2.00 
6.00 
3.00 
3.00 
3.25 
2.00 
3.00 
1..W 
4.00 
3.00 
1.75 
5.00 
4.00 


Feet. 


3.0 
.■i.O 
3.0 
4.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
6.0 
4.0 
3.0 


Grade 
per  mile. 


Dinwn.'iions  and  cos/  of  niains  and  laterals. 


Ditch. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Total 
cost. 

Mites. 

Ffcl 

Fet^t. 

Feet. 

Cu.  yds. 

Main  .\  

4.00 

4 

0 

2.5 

5.0 

213 

Jl,294 

$5, 176 

Main  B  

7.. 50 

8 

0 

2.0 

5.0 

287 

1,742 

13,065 

I  5.50 

10 

0 

2.0 

6.0 

422 

2, 674 

14,707 

Main  C  

{  2.00 

8 

0 

4.0 

5.0 

287 

1,742 

3, 484 

I  1.00 

6 

0 

6.0 

5.0 

2,50 

1,518 

1,518 

38.50 

3 

0 

4.0 

133 

772 

29, 722 

28.00 

3 

0 

5.0 

194 

1,178 

32, 984 

Laterals  

1  12.00 

3 

0 

6.0 

267 

1,692 

20, 304 

1  5.0 

4 

0 

5.0 

213 

1,294 

6, 470 

6.00 

4 

0 

6.0 

289 

1,831 

10,986 

I  1.75 

6 

6.0 

333 

2,110 

3,693 

Cleaning  old  ditch.  Main  \   $1,  000 

Contingencies,  Main  A   500 

Contingencies,  Main  B   1,  300 

Contingencies,  Main  C   2,  000 

Contingencies,  laterals   10,  500 


Total  cost  for  district: 

Main  A   6,676 

Main  B   14,365 

Main  C   21,  709 

Turtle  River   70,  731 

Laterals   114,  659 


Total   228,  140 


Cost  per  acre   2. 19 


/ 
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WALSH  COUNTY. 

(See  map,  PI.  V.) 
ISLAND  DISTRICT. 

This  district  includes  an  area  of  5,760  acres  Ijang  between  the 
Marais  and  the  Red  rivers  and  is  subject  to  overflow.  For  this  rea- 
son the  ditch  has  been  designed  with  a  2  to  1  slope  on  either  side  and 
is  computed  to  drain  the  area  with  the  water  running  4  feet  deep. 

Main  A. 


Length. 

Bottom 
width. 

Grade 
per"mLle. 

Miles. 

Feel. 

Feet. 

3.00 

5.0 

1.0 

2. 25 

4.0 

1.0 

2.00 

3.0 

1.5 

Depth. 


Feet. 
7.0 
5.0 
5.0 


Excava- 
tion per 
100  feet. 


Cu.  yds. 
493 

241 


Cost  per 
mile. 


S3, 124 
1,647 
1.527 


Right  ot  way  7.25  miles  in  length,  33  feet  wide,  37.5  acres,  at 

S.30  per  acre  

Six  highway  bridges,  ICO  feet,  at  .$5  per  foot  

Contingencies  


Total  

Cost  per  acre. 


Total  cost. 


$9,372 
3,706 
3,054 

1.125 
800 
1,450 


19, 507 


3.40 


MARAIS  DISTRICT. 

This  district  includes  an  area  of  22,400  acres.  As  the  ditch  is 
located  in  land  subject  to  overflow,  it  is  designed  with  a  2  to  1  slope 
and  will  carry  the  maximum  drainage  t)f  the  district  when  running 
5  feet  deep. 

Laterals. 


Lateral. 

Length. 

Bottom 
width. 

Depth, 

Lateral. 

Length. 

Bottom 
width. 

Uriith. 

Miles. 
1.25 

Feet. 
3.0 

Feet. 
4.0 

No.  8  

Miles. 
1  2.25 
1  1.00 

Feet. 
3.0 
3.0 
3.0 
3.0 
3.0 

Fffl. 
4.0 
5.0 

No.  2  

1.50 

3.0 

4.0 

No.  3  

.5 

3.0 

4.0 

No.  9  

f  1.25 
t  3.00 
.75 

5,0 
4.0 
•).0 

1  1,0 
i    ■  1.0 
2.25 

3.0 
3.0 
3.0 

5.0 
4.0 
4.0 

No.  10  

No.  11  

.75 

3.0 

4.0 

No.  6  

.75 

3.0 

4.0 

No.  12  

1  1.25 
t  3.00 

3.0 
3.0 

.5.0 
4.0 

No.  7  

.75 

3.0 

4.0 

Dimensions  and  cost  of  Main  A  and  laterals. 


Ditch. 


Main  .K. 


Laterals. 


Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Miles. 

Feet. 

Feet. 

Feet. 

Cu.  yds. 

$3,941 

f  1.25 

10.0 

1.0 

7.0 

622 

2.25 

10.0 

1.0 

6.0 

489 

3,098 

2.50 

8.0 

1.0 

6.0 

444 

2,813 

2. 00 

6.0 

1.0 

6.0 

400 

2.534 

I  1.0 

4.0 

LO 

6.0 

356 

2,255 

(  17.75 

3.0 

4.0 

133 

772 

\  4.50 

3,0 

5.0 

194 

1.178 

Total 
cost. 


$4,926 
6,971 
7.033 

h.m 

2,255 
13,703 
.5,  ,301 
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Right  of  way  8.5  miles  in  length,  33  feet  wide,  Main  A,  38  acres,  at  $30  per  acre.  $1, 140 


Nine  highway  ljridge.s,  Main  A,  240  feet,  at  $5  per  foot   1,  200 

Contingencies,  Main  A   3,000 

Contingencies,  laterals   2,  000 


Total  cost  for  district: 

Main  A   31,  593 

Laterals   21,004 


Total    52,597 


Cost  per  acre   2.  30 


SALT  LAKE  UlSTKKT. 

During  high  water  the  Forest  River  overflows,  damaging  the  land 
to  the  east;  hence  an  improvement  of  the  channel  necessary  to  give 
it  the  reqtiired  carrying  capacity  and  prevent  the  overflow  has  been 
designed.  The  channel  shoidd  be  cleaned  out  by  removing  drift 
and  overhanging  trees  as  far  as  Minto.  The  area  of  the  district  is 
14,000  acres. 

Forest  River  drains  644  square  miles,  side  slope  1  to  1. 

Laterals. 


Lateral. 

Length. 

Bottom 
width. 

Depth. 

Lateral. 

Length. 

Bottom 
width. 

Depth. 

No.  1  

Miles. 

2.50 
/  1.50 
I  2.00 

1.25 

Feel. 
3.0 
3  0 
3.0 

.  3.0 

Feet. 
4.0 
.5.0 
4.0 
4.0 

No.  4  

Mile.i. 

3. 25 
/  1.50 
I  3.00 

4.50 

Feet. 
3.0 
3.0 
3.0 
3.0 

Feet. 
4.0 
5.0 
4.0 
4.0 

No.  2  

No.  5  

No.  (i  

Dimensions  and  cost  of  viains  and  laterals. 


Ditch. 

Length. 

Bottom 
width. 

Feet. 
35.0 
3.0 
3.0 

Grade 
per  mile. 

Depth. 

E.xcava- 
tion  per 
100  feet. 

Cost  per 
mile. 

Total 
cost. 

Miles. 
3.5 
f  16.50 
\  3.0 

Feet. 
8.0 
4.0 

Feet. 
9.0 
4.0 
.5.0 

Cu.  yds. 
1,467 
133 
194 

$7,746 
772 
1,178 

$27, 111 
12,738 
3,534 

Contingencies   .$1,600 

Total  cost  for  district: 

Forest  River   27,  111 

t-atfrals   17,872 

Tcital   44,983 

Cost  per  acre   3.  21 
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GRAFTON  DISTRICT. 


This  district  includes  the  area  lying  north  of  the  Forest  and  Salt 
rivers  and  south  of  Park  River,  embracing  an  area  of  95,000  acres. 
Mains  B,  C,  and  D  are  large  enough  to  carry  the  drainage  of  the  area 
west  of  the  limits  of  the  survey,  and  each  of  these  ditches  should  be  ex- 
tended west  until  they  intersect  the  coulees  which  empty  on  the  surface 
in  the  eastern  part  of  range  54.  Laterals  No.  18,  20,  and  21  will  each 
carry  the  drainage  of  two  sections  west  of  the  area  surveyed  and  No. 
22  will  carry  one  section  west  of  this  area.  Main  A  drains  38,000  acres 
at  the  mouth,  side  slope  1  to  1 ;  Main  B  drains  20,400  acres  at  the 
mouth,  side  slope  li  to  1;  Main  C  drains  36,000  acres  at  the  mouth, 
side  slope  b^-  to  1;  Main  D  drains  21,000  acres  at  the  mouth,  side 
slope  Ih  to  1. 

Laterals.  M 


Lateral. 


No.  1  

No.  2  

No.  3  

No.  4  

No.  5  

Outlet  0  ... 

Lateral  C  . . 
Lateral  7  . . 


Lateral  8  . 


Lateral  9  . 


Lateral  10 


Length. 

Bottom 
vvidtb. 

Grade 
per  mile. 

Depth. 

Miles. 

Feet. 

Feet. 

Feet. 

LOO 

3.0 

4.0 

1  0.75 

3.0 

5.0 

\  2.00 

3.0 

4.0 

/  1.25 

3.0 

5.0 

\  2.00 

3.0 

4.0 

1.75 

3.0 

4.0 

2. 75 

3.0 

5.0 

1.00 

4.0 

5.0 

j  1.75 

3.0 

5.0 

\  3.00 

3  0 

4  0 

(  2.50 

4.0 

1.0 

6.0 

1  1.00 

4.0 

10 

5.0 

1  3.00 

3.0 

2.0 

5.0 

[  3.00 

3.0 

2.0 

4.0 

1  3.00 

4.0 

1.0 

6.0 

1  1.00 

4.0 

1.0 

5.0 

1  4.00 

3.0 

2.0 

5.0 

1  1.50 

3.0 

4.0 

f  2.50 

4.0 

1.0 

6.0 

3.00 

4.0 

LO 

5.0 

1  2.00 

3.0 

1.0 

5.0 

I  1.00 

3.0 

4.0 

(  2.75 

4.0 

1.5 

6.0 

1  1.00 

4.0 

L5 

5.0 

1  2.00 

3.0 

1.5 

5.0 

I  3.00 

3.0 

2.0 

4.0 

Lateral. 


No.  11... 


No.  12. 


Outlet  12  . . 
Lateral  13  . 
Lateral  14  . 

Lateral  15  . 

Lateral  16  . 
Lateral  17  . 

Lateral  18. 

Lateral  19  . 

Lateral  20  . 
Lateral  21  .|. 
Lateral  22  .]■ 


Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Miles. 

Feet. 

Feet. 

Feet. 

5. 25 

3.0 

1.0 

6.0 

[  2.00 

3,0 

2.0 

4.0 

0  75 

3.0 

1.0 

0.0 

2. 00 

3.0 

1.0 

5.0 

2.00 

3.0 

2.0 

4.0 

0.75 

4  0 

3.0 

1.25 

3.0 

2.0 

5.0 

2.00 

3,0 

1  0 

4.0 

2.  75 

3,0 

2.0 

4.0 

1.50 

3.0 

1.0 

li.O 

2,00 

3.0 

1.0 

5.0 

1.25 

3.0 

1.0 

4.0 

3.00 

3.0 

4.0 

2.00 

3.0 

1.0 

5.0 

2.00 

3.0 

4.0 

'  2.00 

3.0 

2.0 

5.0 

2. 00 

3.0 

4.0 

3. 00 

4.0 

i.6 

6.0 

3.00 

3.0 

4.0 

5.0 

2. 00 

3.0 

4.0 

4  00 

3.0 

4.0 

5.0 

3,00 

3.0 

4.0 

40 

3. 00 

3.0 

4.0 

5.0 

1.00 

3.0 

4.0 

4.0 

3.00 

3.0 

3.0 

5.0 

[  2.00 

3.0 

4.0 

4.0 

Dimensions  and  cost  of  mains  and  laterals. 


Ditch. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Totiil 
cost. 

Miles. 

Feet. 

Feet. 

Feet. 

Cu.  yds. 

f  1.0 

25.0 

1.0 

6.0 

556 

$2,936.00 

$2,936 

1.0 

20.0 

1.0 

5.0 

463 

2,445.00 

2,445 

Main  A  

\  1.0 

18.0 

1.0 

5  0 

426 

2,249.00 

2,249 

1.0 

16  0 

1.0 

5  0 

389 

2,054.00 

2,054 

[  1.0 

8  0 

1.0 

5  0 

241 

1,272.00 

1.272 

Main  B  

4  5 

6.0 

2.5 

6  0 

333 

2,110. 71 

9,495 

I  3.0 

16  0 

2  0 

5.0 

389 

2,054.00 

6, 162 

1.0 

10.0 

2.0 

7  0 

441 

2,328.00 

2,328 

1      4  0 

6.0 

4  0 

6.0 

3.33 

2,110  00 

8,440 

Main  D  

2.5 

8.0 

2  0 

6  0 

378 

2,395.00 

5,987 

43  25 

3.0 

4  0 

133 

772  00 

33,389 

39. 75 

3.0 

5  0 

194 

1,178.00 

46,825 

Laterals  

7.00 

4,0 

5.0 

213 

1 , 294. 00 

9,058 

13  75 

4  0 

6.0 

289 

1,831  00 

25, 170 

7,50 

3  0 

6.0 

267 

1,692.00 

12  690 

0.  75 

4.0 

3.0 

95 

587,00 

440 
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Twenty  per  cent  added  for  bends,  Main  A   $2, 191 

Right  (if  way  G  miles  in  length,  33  feet  wide,  Main  A,  24  acres,  at  ?20  per  acre. .  480 

Four  highway  bridges,  Main  A,  120  feet,  at  $5  per  foot   GOO 

Contingencies,  Main  A   1,000 

Contingencies,  Main  B   1,000 

Right  of  way  4  miles  in  length,  33  feet  wide.  Main  C,  IG  acres,  at  $30  per  acre.  480 

Two  highway  bridges.  Main  C,  55  feet,  at  $5  per  foot   275 

Contingencies,  Main  C   1,800 

Right  of  way  2\  miles  in  length,  33  feet  wide,  Main  D,  10  acres,  at  $30  per  acre.  300 

One  highway  l)ridge.  Main  D,  25  feet,  at  $5  per  foot   125 

Contingencies,  Main  D   600 

Contingencies,  laterals   12,492 


Total  cost  for  district: 

Main  A   15,  227 

Main  B   10,495 

MainC   19,485 

Main  D   7,012 

South  Park  River   26,  994 

Laterals   140,070 


Total   219,283 


Middle  Park  River   17,  080 

Cost  per  acre   2.  31 


PARK  RIVEK  IMPROVEMENT. 

Tho  south  branch  of  Park  River  is  the  cause  of  considerable  dam- 
age to  tlie  huul  lyinf^  south  and  east.  The  overflow  occurs  in  the 
west  part  of  range  53.  On  account  of  the  small,  crooked  channel  of 
tliis  stream  a  new  channel  has  been  designed.  This  channel  should 
begin  a  half  mile  west  of  the  area  surveyed  and  continue  along  the 
section  line,  as  shown  on  the  map.  The  new  channel  coidd  be  con- 
structed along  the  present  course  of  the  river,  but  on  account  of  the 
increase  in  distance  it  would  require  a  bottom  width  of  18  feet  to  give 
the  same  carrying  capacity  as  the  proposed  channel.  This  improve- 
ment shoidd  be  constructed  as  a  part  of  the  Grafton  district. 

Both  the  middle  and  north  branch  of  Park  River  have  small, 
crooked  channels,  and  should  be  improved.  An  estimate  for  this  im- 
provement has  been  made  for  the  reaches  of  these  streams  which  come 
in  the  area  surveyed.  The  course  of  the  north  branch  cotdd  be  changed 
l)y  cutting  a  new  channel  east  along  the  south  line  of  township  158, 
intersecting  the  coulee  at  the  southeast  corner  of  section  35.  The 
part  of  the  channel  along  the  section  line  would  rec[uire  a  30-foot 
bottom,  9  feet  deep,  and  the  coulee  would  also  require  some  improv- 
ing. The  construction  of  this  channel  would  probably  develop  con- 
siderable opposition  from  landowners.  It  is  believed  that  by  clean- 
ing out  the  channel  below  the  jtinction  of  these  branches  this  cut-off 
would  not  be  necessary.  The  improvement  of  the  north  branch 
should  be  considered  as  a  part  of  the  Auburn  district. 
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Dimensions  and  cost  of  mains. 


Ditch. 

Length. 

DOLlOm 

width. 

Grade 
per  Tnile. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost 
per  mile. 

Total 
cost. 

South  Park  

Miles. 
4.  75 
4.0 
2.25 

Feet. 
16  0 
9.0 
20.0 

Feel. 
7.0 
5.0 
5  0 

Feet. 
10.  0 
10  0 
10  0 

Cu.  yds. 

9&3 

703  7 
1,111 

S5,085 
3,715 
5,86G 

$24, 154 

14,8:;0 
13, 199 

Middle  Park  

North  Park  

Right  of  way  4.75  miles  in  length,  49.5  feet  wide.  South  Park,  28  acres,  at  ?30 

per  acre   s840 

Contingencies,  South  Park   2,  000 

Right  of  way  4  miles  in  length,  49.5  feet  wide.  Middle  Park,  24  acres,  at  ^.''.O 

per  acre   720 

Contingencies,  Middle  Park   1.  500 

Right  of  way  2.25  miles  in  length,  49.5  feet  wide.  North  Park,  14  acres,  at  $30 

per  acre   420 

Contingencies,  Xorth  Park   1,300 


Total  cost  of  Park  River  improvement: 

South  Park   2G.  994 

Mid,dle  Park   17,080 

North  Park   14,919 


AUBURN  DISTRICT. 


The  Auburn  district  includes  an  area  of  56,300  acres,  \jing  north 
of  the  Park  Eiver  and  south  of  the  Pembina  Count  y  Hne.  On  account 
of  the  short  length  of  Mains  A  and  B,  they  have  been  computed  with 
a  to  1  slope  on  either  side.  A  ditch  should  be  run  south  from  the 
Pembina  Coimt}^  line  to  the  north  branch  of  the  Park  River,  along 
the  west  line  of  sections  4,  9,  and  16,  T.  158,  R.  53,  to  carrj^  the  drain- 
age of  the  country  west  into  the  river.  Main  A  drains  8,000  acres  at 
the  mouth,  side  slope  1}  to  1;  Main  B  drains  16,000  acres  at  the 
mouth,  side  slope  1^  to  1. 

Laterals. 


Lateral. 


Length. 


Bottom 
width. 


Miles. 

Feel. 

Feet. 

2.5 

3.0 

5.0 

1.0 

3.0 

4.0 

3.  25 

3.0 

5  0 

1.0 

3.0 

4.0 

3.25 

3.0 

4.0 

3.25 

3.0 

4.0 

2.0 

3.0 

4.0 

LO 

3.0 

5.0 

1.25 

3.0 

4.0 

1.0 

3.0 

4.0 

1.0 

3.0 

4.0 

1.0 

3.0 

4.0 

1.0 

3.0 

4.0 

1.0 

3.0 

4.0 

1.0 

3.0 

4.0 

Depth. 


Lateral. 


No.  13 
No.  14 

No.  15 

No.  1(1 
No.  17 
No.  18 
No.  19 
No.  20 
No.  21 


Length. 


Miles. 
1.0 
1.0 

2.  25 
1.0 
1.0 
5.0 
3.0 
4.0 
3.0 
3.5 
3.0 
3.5 
3.0 

3.  75 
3.0 
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Diiiwnsions  and  cost  of  inaitis  and  laterals. 


Ditch. 

Length. 

Bottom 
width. 

Grade  per 
mile. 

Depth. 

Excava- 
tion per 
iw  leei. 

Cost  per 
mile. 

Total 
cost. 

Main  A  

.M.iiii  1!  

Miles. 
3.0 
f  2.5 
\  1.25 
f  38.0 
\  27.5 

Feet. 
6.0 
8.0 
6.0 
3.0 
3.0 

Feet. 
1.0 
2.0 
4.0 

Feet. 
6.0 
6.0 
6.0 
4.0 
5.0 

Cu.  yds. 
333 
378 
333 

$2,110 
2,395' 
2,110 
772 
1,178 

$6, 330 
5,987 
2,  637 
29, 330 
32, 395 

Three  highway  bridges.  Main  A,  72  feet,  at  $5  per  foot   §360 

Coiitingenries,  Main  A   450 

Right  of  way,  3.75  miles  in  length,  33  feet  wide,  Main  B,  15  acres,  at  §20  per  acre .  300 

Three  highway  bridges,  Main  B,  100  feet,  at  $5  per  fool   500 

Cdiitingencies,  Main  R   500 

<  nntingencies.  laterals   G,  175 


Total  cost  for  district : 

Main  A   7, 140 

Main  B   9,924 

North  Park  River   14,919 

Laterals   67,906 

Total   99,889 


C'osI  per  acre   1.  79 


PEMBINA  COUNTY. 

(  Sec  map.  PI.  VI. ) 

111  tlip  southern  part  of  T.  160  N.,  R.  55  W.  and  R.  56  W.  the 
natural  coulees  will  furnish  sufhcient  outlets  if  their  channels  are 
cleaned  otit. 

To  properly  carry  the  water  which  conies  from  the  hill  land  to  the 
west,  the  coulee  from  the  west  Hne  of  section  35,  Thingvalla  Township, 
to  the  east  line  of  section  31,  Park  Township,  should  have  a  channel  8 
feet  in  bottom  width,  with  a  depth  of  6  feet  below  the  level  of  the 
I  adjacent  lands.  The  cost  of  this  improvement  would  be,  approxi- 
mately, S7,000. 

Tlie  coiUee  from  the  west  line  of  section  15,  Thingvalla  Township,  to 
the  center  of  section  29,  Park  Township,  should  have  a  channel  8  feet 
in  bottom  width,  with  a  depth  of  6  feet  below  the  adjacent  lands. 
The  cost  of  this  improvement  would  be,  approximately,  $10,000. 

A  ditch  constructed  along  the  west  side  of  the  Great  Northern  Rail- 
way from  the  northeast  corner  of  section  36,  Park  Township,  south  to 
Cart  Creek,  with  a  6-foot  bottom  and  5  feet  deep,  woidd  furnish  an 
outlet  to  several  sections  and  prevent  flooding  of  the  lands  to  the  east. 

WILLOW  COULEE  DISTRICT. 

* 

Willow  Coulee  district  covers  an  area  of  96,000  acres,  drained  by 
Willow  Coulee.  To  properly  drain  this  district  it  will  be  necessary  to 
straighten  and  deepen  Willow  Coulee  and  give  it  an  outlet.  Willow 
Coulee  drains  106,000  acres  at  the  mouth,  side  slope  1  to  1 ;  Main  A 
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drains  10,000  acres  at  the  mouth,  side  slope  H  to  1 ;  Main  B  drains  an 
area  of  10,000  acres  at  the  mouth,  side  slope  H  to  1. 


Laterals. 


Lateral. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

I  Lateral. 

Length. 

Bottom 
width. 

Grade 
per  ir.ile. 

Depth. 

No.  1  

Miles. 
1  2.0 
\  3.5 
5.0 
4.5 
r  2.5 
1  4.0 

Feet. 

3 
3 
3 
3 
5 
3 
3 
3 
3 
3 

Feet. 

1 
4 
4 
5 
5 
5 
1 

5 

Feet. 
6 
4 
4 
4 
4 
4 
5 
4 
5 
4 

1 
1 

No.  7  

Miles. 
)  5.0 
j  4.5 
f  4.3 
1  4.5 
3.0 
3.0 
4.2 
3.5 

Feet. 

3 
3 
3 
3 
3 
3 
3 
3 

Feet. 

6 
f. 

Feet 

5 
4 
5 
4 
4 
4 
4 
4 

No.  2  

No.  3  

No.  8  

No.  4  

No.  9  

No.  10 

No-S''  {  it 

NO.  6  1{ 

No.  11 
No.  12  

6 
4 

■ 

"At  mouth  of  No.  5  old  ditch  through  section  36  should  be  enlarged  to  5  feet  in  depth,  with  a  3-foot 
bottom. 

Dimensions  and  cost  of  mains  and  laterals. 


Ditch. 

Length 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Excava^ 
tion  per 
100  feet. 

Cost  per 
mile. 

Total 
cost. 

Red  River  to  west  line  sec.  31,  R. 

Miles. 

Feel. 

Feel. 

Feet. 

Cu.  lids. 

51  

5.0 

24 

1.5 

9 

1,100 

$5,808 

$29,040 

Center  sec.  18,"R.  52  

8.0 

16 

.3.0 

9 

833 

4, 400 

.35,200 

North  side  sec.  33,  R.  53  

8.0 

12 

.3.0 

9 

700 

3,696 

29,568 

Northwest  corner  sec.  20,  R.  54  

11.0 

8 

5.0 

8 

474 

2,503 

27,533 

Northwest  corner  sec.  10,  R.  56  

13.0 

8 

8.0 

6 

311 

1,642 

21,346 

4.0 

5 

2.0 

6 

311 

1,971 

7,884 

[  3.0 

5 

2.0 

6 

311 

1,971 

5,913 

1.0 

4 

2.0 

6 

289 

1,8.31 

1,831 

I  2.0 

3 

4.0 

5 

194 

1,178 

2,356 

f  4B.7 

3 

4 

133 

772 

36,052 

Laterals  

2.5 
1       1.3. 7 

5 
3 

4 

5 

163 
194 

847 
1,178 

2,117 
16, 138 

[  2.0 

3 

6 

267 

1,692 

3,384 

Right  of  way  13  miles  in  length,  49J  feet  wide.  Willow  Coulee,  78  acres,  at  $30 


per  acre   §2,340 

Right  of  way  32  miles  in  length,  33  feet  wide,  Willow  Coulee.  128  acres,  at  $30 

per  acre   3,  840 

Thirty-eight  highway  bridges.  Willow  Coulee,  1 , 170  feet ,  at  $6  per  foot   7,  020 

Contingencies,  Willow  Coulee   12,000 

Right  of  way  4  miles  in  length,  33  feet  wide,  Main  A,  16  acres,  at  $30  per  acre . .  480 

Five  highway  bridges.  Main  A,  115  feet,  at  $6  per  foot   690 

Contingencies,  Main  A   800' 

Right  of  way  6  miles  in  length,  24J  feet  wide,  Main  B,  1 8  acres,  at  $30  per  aero .  540 

Five  highway  bridges,  Main  B,  136  feet,  at  $6  per  foot  

Contingencies,  Main  B   I.  000 

Right  of  way  36  miles  in  length,  mi  quarter-section  lines,  24J  feel  wide,  later- 
als, 108  acres,  at  §30  per  acre   3.  210 

Contingencies,  laterals   6,  000 


Total  cost  for  district: 

Willow  Coulee   167,887 

Main  A   9,854 

MainB   12,456 

Laterals  :   66,931 


Total   257,128 


Cost  per  acre   2. 68 
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DRAYTON  DISTKICT. 


Drayton  district  covers  an  area  of  58,000  acres  lying  north  of  the 
Willow  (^oulee  district.  Where  new  ditches  outlet  into  ditches 
already  constructed,  the  new  ditch  should  be  decreased  in  depth  and 
increased  in  width,  so  as  to  join  the  old  ditch,  or  the  upper  part  of  the 
old  ditch  should  be  improved  until  it  has  the  same  cross  section  as  the 
new  ditch. 

The  Marais  in  Lincoln  Township  from  the  center  line  of  sec.  19,  T. 
160  N.,  R.  50  W.  to  the  Red  River,  should  be  cleaned  out  until  the 
channel  is  8  feet  in  depth,  \vith  a  bottom  width  of  20  feet.  The  cost 
of  this  improvement  would  be,  approximately,  $15,000.  Main  A 
drains  an  area  of  21,700  acres  at  the  mouth,  side  slope  1  to  I. 

Laterals. 


Length. 


Miles. 


Bottom 
width. 


Feet. 


0.8 

3 

3.0 

3 

1.2 

3 

3.0 

3 

1.8 

3 

1.0 

3 

2.0 

3 

1.0 

6 

3.5 

3 

.5 

8 

1.0 

5 

3.5 

3 

2.0 

6 

3.0 

3 

1.5 

3 

2.0 

3 

2.0 

3 

Grade 
per  mile. 


Feet. 


Depth. 


Feet. 
5 
4 


Lateral. 


No.  8. 


No.  9. 


No.  10. 
No.  U. 


No.  12. 


No.  13. 


Length. 


Bottom 
width. 


Feet. 


Grade 
per  mile. 


Dimensions  and  cost  of  mains  and  laterals. 


Ditch. 


Main  A . 


Length. 


Laterals 


Miles. 
8.0 
1.5 
3&0 
1.0 

ao 

.5 
17.8 
5.8 
6.3 


Bottom 
width. 


Feet. 


Grade 
per  mile. 


Feet. 


Feet. 
8 
6 
4 
4 
4 
4 


Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Total 
cost. 

Cu.  yds 

474 

$2, 503 

$20, 024 

289 

1,.')2B 

2,289 

133 

772 

29, 33(i 

1(3 

847 

847 

178 

1.032 

3.09H 

207 

1,202 

601 

194 

1. 178 

20, 968 

2()7 

l.ti92 

9,814 

289 

1,831 

11,. 535 

356 

2,2.50 

1,128 

Right  of  way  8  miles  in  length,  33  feet  wide,  Main  A,  32  ac-res,  at  $30  jier  acre.  $9()0 

Eight  higliway  bridges,  'Slain  A,  192  feet,  at  S6  per  foot   1. 152 

Contingencies,  Main  A   2,000 

Right  of  way  48  miles  in  length,  for  ditches  on  quarter-section  line,  average 

width  2U  feet,  laterals,  144  acres,  at  §30  per  acre   4,  320 

Contingencies,  laterals   8,000 
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Total  cost  for  district: 

Improving  Marais   $15,  000 

Main  A   26,425 

Laterals   89,  C45 

Total  '.   131,070 

Cost  per  acre   2.26 


BOWESMONT  DISTRICT. 


The  greater  part  of  the  Bowesmont  district  is  drained  by  ditches 
either  completed  or  in  process  of  construction,  and  only  one  lateral 
ditch  has  been  planned. 

Lateral. 


Lateral. 


No.  1. 


Length. 


Miles 


Bottom 
width. 

Grade 
per  mile. 

Depth. 

Feet. 

Feet. 

Feet. 

i 

5 

4 

3 

5 

4 

3 

4 

Summary  of  lateral. 


Length. 

Bottom 
width. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Tot.al 
cost. 

Miles. 
8 
1 

Feet. 
3 
4 

Feet. 
4 
4 

Cti.  yds. 
133 
148 

.S772 
859 

S6, 176 
859 

Contingencies   $900 

Total  cost  of  laterals  for  district   7,  935 

Cost  per  acre   1.01 


ZEBRA  DISTRICT. 


Zebra  district  covers  an  area  of  48,000  acres.  Main  A  drains  57,000 
acres  at  the  mouth,  side  slope  1  to  1 ;  Main  B  drains  13,000  acres  at  the 
mouth,  side  slope  to  1;  Main  C  drains  11,500  acres  at  the  mouth, 
side  slope  1^  to  1 ;  Main  D  drains  11,500  acres  at  the  mouth,  side  slope 
1-^  to  1;  Main  E  drains  11,500  acres  at  the  mouth,  side  slope  H  to  1; 
Main  F  drains  7,500  acres  at  the  mouth,  side  slope     to  1. 

Laterals. 


Lateral. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

No.  1  

Miles. 

1  2.0 
f  L5 
\  2.0 
2.5 
2.0 

Feet. 

3 
3 
3 
3 
3 
3 

Feet. 

Feet. 

5  ! 

t 
4 
4 
4 

No.  2  

No.  3  

No.  4  

Lateral. 


Length. 


No.  5 

No.  6 
No.  7 
No.  8 


Bottom 
width. 


Miles. 

Feet. 

1.0 

6 

2.5 

3 

2.0 

3 

3.5 

3 

3.76 

4 

Grade 
per  mile. 


Feet. 
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Dimensions  and  cost  of  mains  and  laterals. 


Pitch. 


Main  A  . 

Main  B. 

Main  C. 

Main  P. 

Main  E. . 
Main  F  . 

Lati^rals 


Length. 


Bottom 
width. 


Feet. 
16 
14 


Grade, 
per  mile. 


Feet. 
1.5 
1.0 
3.5 
5.0 
6.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
3.0 
4.0 
4.0 
7.0 
3.0 


Depth. 


Feet. 


Excava- 
tion per 
100  feet. 


Cu.  yds. 
711 

652 
389 
267 
148 
422 
378 
333 
422 
378 
333 
422 
378 
333 
250 
232 
213 
178 
178 
133 
194 
148 
250 


Cost  per 
mile. 


Additional  cost  of  extra  cutting  through  ridge  east  of  slough,  Main  A   $8, 000 

Right  of  way  22  miles  in  length,  33  feet  wide.  Main  A,  88  acres,  at  $30  per  acre.  2,  640 

Twenty-two  bridges,  Main  A,  560  feet,  at  $6  per  foot   3,  360 

Contingencies,  Main  A   6,000 

Right  of  way  4  miles  in  length,  33  feet  wide.  Main  B,  16  acres,  at  S.30  per  acre. .  480 

Three  liridges,  Main  B,  78  feet,  at  $6  per  foot   468 

Contingencies,  Main  B   1,000 

Right  of  way  4  miles  in  length,  33  feet  wide,  Main  C,  16  acres,  at  §30  per  acre. .  480 

Three  bridges,  Main  C,  78  feet,  at  $6  per  foot   468 

Contingencies,  Main  C   1,000 

Right  of  way  3  miles  in  length,  33  feet  wide.  Main  D.  12  acres,  at  S30  per  acre. .  360 

Three  bridges,  Main  D,  78  feet,  at  $6  per  foot   468 

Contingencies.  Main  D   800 

Right  of  way  3  miles  in  length,  33  feet  wide.  Main  E.  12  acres,  at  $30  per  acre. .  360 

Three  bridges.  Main  E,  60  feet,  at  S6  per  foot   360 

Contingencies,  Main  E   500 

Right  of  way  2  miles  in  length,  25  feet  wide.  Main  F,  6  acres,  at  $30  per  acre. .  180 

Two  bridges.  Main  F,  36  feet,  at  $6  per  foot   216 

Contingencies,  Main  F   300 

Contingencies,  laterals   2,  200 


Total  cost  for  district: 

Main  A   70,9.38 

Main  B   11,  237 

MainC   11,237 

Main  D   8,  807 

MainE   5,441 

MainF   2,760 

Laterals   23,215 


Total   133,635 


Cost  per  acre   2.  78 
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HAMILTON  DISTRICT. 

Hamilton  district  covers  an  area  of  48,000  acres.    Main  A  drains 

48,000  acres  at  the  mouth,  side  slope  1  to  1 ;  Main  B  drains  9,000 

acres  at  the  mouth,  side  slope  1^  to  1;  Main  C  drains  12,000  acres  at 
the  mouth,  side  slope  Ih  to  1. 

Laterals. 


Lateral. 

Length. 

Bottom 
width. 

Depth. 

Lateral. 

Length. 

Bottom 
width. 

Depth. 

No.  1  

Miles. 
1.5 
2.3 
j  2.0 
\  2.0 
2.5 

Feet. 

3 
3 
3 
3 
3 

Feet. 
4 
4 
5 
4 
4 

No.  5  

Miles. 
1  1.5 
t  3.0 
/  2.0 
t  3.0 
2.5 

Feet. 

3 
3 
3 

■  3 
6 

Feet. 

5 
4 
5 
4 
5 

No.  2  

No.  3  

No.  6  

No.  4  

No.  7  

Dimensions  and  cost  of  mains  and  laterals. 


Ditch. 


Main  A.. 

Main  B.. 
Main  C 

Laterals 


Length. 

Bottom 
width.  • 

Grade 
per  mile. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Total 
cost. 

Miles. 

Feet. 

Feet. 

Feet. 

Cu.  yds. 

(  2.5 

14 

1.5 

8 

652 

S3,  442 

$8,605 

1  6.0 

12 

1.0 

8 

593 

3,131 

18,  786 

1  3.5 

8 

3.0 

6 

311 

1,642 

5,  747 

(  5.0 

6 

5.0 

6 

204 

1,077 

5,385 

1  1.5 

8 

1.0 

6 

378 

2,395 

3,592 

t  1.0 

4 

1.0 

5 

213 

1,294 

1,294 

/  L5 

10 

1.0 

6 

422 

2,674 

4,011 

\  1.0 

4 

1.0 

6 

289 

1,831 

1,831 

I  14.3 

3 

4 

133 

772 

11,039 

\  5.5 

3 

5 

194 

1,178 

6,479 

1  2.5 

6 

5 

250 

1,518 

3,795 

Right  of  way  17  miles  in  length,  33  feet  wide,  Main  A,  68  acres,  at  $30  per  acre.  §2,  040 

Seventeen  bridges,  Main  A,  400  feet,  at  16  per  foot   2,  400 

Contingencies,  Main  A   3,  500 

Right  of  way  2.5  miles  in  length,  33  feet  wide,  Main  B,  10  acres,  at  ^30  per  acre.  300 

Three  bridges,  Main  B,  70  feet,  at  $6  per  foot   420 

Contingencies,  Main  B   450 

Right  of  way  2.5  miles  in  length,  33  feet  wide,  Main  C,  10  acres,  at  130  per  acre.  300 

Three  bridges.  Main  C,  78  feet,  at  |6  per  foot   468 

Contingencies,  Main  C   500 

Contingencies,  laterals   2, 100 


Total  cost  for  district: 

Main  A   46.163 

MainB   6,050 

Main  C   7, 110 

Laterals   23,413 


Total   83,042 


Cost  per  acre 


1.73 

II 
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BATHGATE  DISTRICT. 

Bathgate  district  covers  an  area  of  12,000  acres  lying  in  the  bend 
of  the  Tongue  River.  Main  A  drains  12,000  acres  at  the  mouth,  side 
slope  H  to  1. 

Laterals. 


Lateral. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

No.  1  

Miles. 
1  3.0 
\  3.0 
1  1.5 
\  2.0 
1.8 

Feet. 

5 
i 
4 
3 
3 

Feet. 

4 

Feel. 

4 
4 
4 
4 
4 

No.  2  

No.  3  

Dimensions  and  cost  of  rruiins  and  laterals. 


Ditch. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Excava- 
tion pel' 
100  feet. 

Cost  per 
mile. 

Total 
cost. 

Miles. 

Feet. 

Feet. 

Feet. 

Cu.  yds. 

f  0.8 

6 

2 

6 

333 

$2, 110 

$1,688 

Main  A  

1  '-^ 

6 

2 

5 

250 

1,518 

1,822 

1  2.3 

5 

2 

5 

232 

1,409 

3, 241 

3.8 

3 

4 

133 

772 

2,934 

Laterals  

\  4.5 

4 

4 

148 

860 

3,870 

1  3.0 

5 

4 

163 

847 

2,541 

Ri2;hl  of  way4..3  miles  in  length,  25  feet  wide.  Main  A,  13  acres,  at  .¥30  per  acre.  ?390 

Three  bridges,  Main  A,  66  feet,  at  $6  per  foot   396 

Contingencies,  Main  A   480 

Contingencies  laterals   1.000 


Total  cost  for  district: 

Main  A     8,017 

Lateral   10,345 


Total   18,  362 


Cost  per  acre   1.  53 


m'arthur  district. 

Mc Arthur  district  covers  an  area  of  29,000  acres  lying  between  the 
Tongvie  and  Red  rivers.  Main  A  drains  14,000  acres  at  the  mouth, 
side  slope  H  to  1. 

Laterals. 


Lateral. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Lateral. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

No.  1  

No.  2  

Miles. 

\  lo 

1.8 

(  2.2 
t  1.0 

Feet. 

4 

3 
3 
3 
3 

Feet. 

1 

Fett. 
6 
5 
5 
5 
4 

No.  4  

Miles. 
1  4.3 
t  2.0 
1.0 
2.5 

Feet. 

4 

3 
3 
4 

Feet. 

1 

Feet. 

6 
5 
4 
5 

1 

No.  5  

No.  3  

No.  6  

1 
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Dimensions  and  cost  of  -mains  and  laterals. 


Ditch. 

Lengtli. 

Bottom 
widtli. 

Grade  per 
mile. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Total 
cost. 

Main  A  

JUiles. 

1  3 

r  eet. 
10 
8 

Feet. 

1 
1 

Feet. 
6 
6 
5 
4 

Cu.  yds. 
422 
378 
250 
133 
194 
213 
289 

82, 674 
2,395 
1,518 
772 
1,178 
1,294 
1,831 

88,022 
4,790 
1.518 
1,544 
8.246 
3.235 

11,901 

1  ? 

f  2.0 

6 
3 

1 

1  7.0 
1  2.5 

3 

4 

5 
5 

[  6.5 

4 

6 

Right  of  way,  6  niQes  in  length,  33  feet  wide.  Main  A,  24  acres,  at  $30  per  acre. . .  §720 

Five  bridges,  Main  A,  131  feet,  at  $6  per  foot   786 

Contingencies,  Main  A   j  30o 

Contingencies,  laterals   2  500 


Total  cost  for  district: 

Main  A   17  ,33 

Laterals   27  426 


Total  _   44  5g2 


Cost  per  acre   1  54 

TTALLSON  DISTRICT. 

Hallson  district  covers  an  area  of  9,000  acres.  Tongue  Riverdrains 
128,000  acres  at  the  mouth,  side  slope  1  to  K 

Dimensions  and  cost  of  jnains  and  laterals. 


Ditch. 

Length. 

Bottom 
width. 

Grade  per 
mile. 

Depth. 

Excava- 
tion per 
100  feat. 

Cost  per 
mile. 

Total 
cost. 

Tongue  River  

Miles. 
6.6 
2 

Feet. 
16 
6 

Feet. 
10 
9 

Feet. 
8 

Cu.  yds. 
711 
178 

S3, 754 
1,032 

$24.  77(i 
2,064 

Lateral  

4 

Right  of  way,  6.6  miles  in  length,  33  feet  wide,  Tongue  River,  26.4  acres,  at  $30 

'-r  acre  _  _ ;  <{i792 


per 


Seven  bridges,  Tongue  River,  224  feet,  at  §6  per  foot   1,  344 

Contingencies,  Tongue  River   2  100 

Contingencies,  lateral   200 


Total  cost  for  district: 

Tongue  River   29. 012 

Lateral   2,  264 


Total   31,276 

Cost  per  acre   3  48 
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TONGUE  RIVER. 

Improvement  of  the  Tonj^ue  River  would  benefit  approximately  8,000 
acres,  at  a  cost  of  .f3.60  per  acre.  As  few  ditches  as  practicable  have 
been  designed  to  outlet  in  the  Tongue  River,  as  it  is  not  advisable  to 
cut  the  river  bank,  for  the  channel  is  taxed  to  its  full  capacity  to  carry 
the  water  which  comes  through  the  sand  ridge  in  Akra  Tow  nship.  It 
is  thought  that  by  constructing  these  ditches  as  outlined  on  the  map 
and  by  clearing  the  channel  of  brush  and  other  obstructions,  the 
Tongue  River,  with  some  improvement  in  sections  8  and  9,  Bathgate 
Township,  and  by  reenforcing  the  banks  at  some  of  the  low  points 
with  a  light  levee,  flooding  of  the  lands  lying  along  each  side  of  the 
stream  will  be  prevented.  The  expense  of  this  work  should  be  paid  by 
all  the  lands  that  are  affected  by  the  Tongue  River  overflows. 

NECHE  DISTRICT. 

Neche  district  covers  an  area  of  72,000  acres  lying  between  the 
Tongue  and  Pembina  rivers.  Main  A  drains  77,000  acres  at  the  mouth, 
side  slope  1  to  1 ;  j\Iain  B  drains  20,000  acres  at  the  mouth,  side  slope 
Ih  to  1 ;  Alain  C  drains  24,000  acres  at  the  mouth,  side  .slope  1  to  1. 

Laterals. 


Lateral. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Lateral. 

Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

No.  1  

Miles. 
I  1.5 
1  3.0 
1  1.5 
t  2.0 

Feel. 

4 
4 
4 
4 

Feel. 

3 

Feel. 
5 
4 
5 
4 

No.  3  

Miles. 
1  2.5 
i  2.0 
[  3.0 
2.0 

Feet. 

6 
5 
4 
4 

Feel. 

3 
3 

Feet. 
5 
5 
4 
4 

No.  2  

3 

No.  4  

Dimensions  and  cost  of  mains  ami  lalcrals. 


Ditch. 


Main  A. 


.Main  li. 


.Main  C. 


Laterals. 


Length. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Total 
cost. 

Miles. 

Feet. 

Feet. 

Feet. 

Cm.  yds. 

f  2.0 

24 

1 

10 

1.2(iO 

$6,653 

?13, 306 

.3.0 

12 

3 

10 

815 

4, 303 

12,909 

5.0 

10 

3 

8 

533 

2.814 

14,070 

5.0 

8 

4 

8 

474 

2,503 

12,  .515 

4.0 

8 

10 

t) 

311 

1,642 

fi,  568 

2.5 

I 

0 

6 

378 

2, 395 

;"),  9^7 

6.0 

4 

6 

3.33 

2,110 

1.75 

8 

1 

8 

474 

2,503 

4,;i.S0 

3.50 

7 

4 

7 

363 

1,917 

6, 709 

2.00 

7 

5 

7 

303 

1,917 

3,834 

.75 

10 

1 

200 

1,056 

792 

3.  50 

3 

6 

267 

1,410 

4,935 

"  2.  00 

5 

5 

213 

1.294 

2,588 

«2.00 

t 

5 

4 

148 

860 

1,720 

2.  .50 

5 

250 

1.518 

3,  795 

2.00 

5 

5 

232 

1.409 

2.  SIS 

.3,  00 

4 

5 

213 

1,294 

3,882 

10.00 

4 

4 

148 

860 

s,m 

a  Side  slope  IJ  to  1. 
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Right  of  way  19  miles  in  length,  33  feet  wide,  Main  A,  76  acres,  at  $30  per  acre.  S2,  280 

Twenty  bridges.  Main  A,  534  feet,  at  $6  per  foot   3,  204 

Contingencies,  Main  A   5,  200 

Right  of  way  8.5  miles  in  length,  33  feet  wide,  Main  B,  .34  acres,  at  $30  per  acre.  1,  020 

Eight  bridges,  Main  B,  200  feet,  at  |6  per  foot   1,  200 

Contingencies,  Main  B   1,  700 

Right  of  way  152  miles  in  length,  33  feet  wide,  Main  C,  62  acres,  at  $30  per  acre .  1,  860 

Twelve  bridges,  Main  C,  239  feet,  at  $6  per  foot   1,  434 

Contingencies,  Main  C   3,000 

Contingencies,  laterals   2,  000 


Total  cost  for  district: 

Main  A   70,052 

MainB   22,567 

MainC   31,252 

Laterals   21,  095 


Total   144,966 


Cost  per  acre   2. 01 


PEMBINA  DISTRICT. 

Pembina  district  covers  an  area  of  14,000  acres. 


Laterals. 


Lateral. 

Length. 

Bottom 
width . 

Grade 
per  mile. 

Depth. 

No.  1  

Miles. 
\  4.0 
\  2.0 
I  3.0 
4.5 

Feet. 
10 
8 
6 

6 

Feet. 
1.0 
1.0 
3.0 
.6 

Feet. 

6 
6 
4 
6 

No.  2  a  

<2  No.  2  is  intended  to  .serve  for  lateral  drainage  and  to  act  as  an  overflow  ditch  to  keep  the  water 
from  rising  in  the  slough  in  section  3  at  the  high-water  peri  od  when  the  flood  gate  into  the  Pembina 
River  is  closed. 


Summary  of  laterals. 


Length 

Bottom 
width. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Total  cost. 

Miles. 

Feet. 

Feet. 

Cv.  yds. 

4.0 

10 

6 

422 

S2,674 

SIO. 69fi 

2.0 

8 

6 

378 

2,395 

4,790 

4.5 

6 

6 

333 

2,110 

9, 495 

3.0 

6 

4 

178 

1,0.32 

3.096 

Contingencies  

Total  cost  of  laterals  for  district 
Cost  per  acre  


$3,  000 
31, 077 
2.  22 
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WALHAl.LA  DISTRICT. 

Wallialla  district  covers  an  an-a  of  22, ()()()  acres  in  Pembina  County 
and  approximately  8,000  acres  in  Cavalier  County.  Each  ditch  is 
designed  to  carry  the  drainage  of  its  natui-al  watei'shed  to.  the  west. 

Laltrals. 


Lateral. 

LengUi. 

Bottom 
width. 

Grade 
per  mile. 

Depth. 

No.  1  

Miles. 
{  I 
{  I 

Feet. 
6 
5 
8 
6 

Feet. 

6 

Feet. 
6 

No.  2  

7 

Summary  of  laterals. 


Length. 

Bottom 
width. 

Depth. 

Excava- 
tion per 
100  feet. 

Cost  per 
mile. 

Total  c  ost. 

Miles. 
7 
12 
4 

Feet. 

8 
6 
5 

Feet. 

6 
0 
() 

Cu.  yds. 
378 
333 
311 

S2,395 
2,110 
1,970 

S16, 765 
25.320 
7,880 

Contingencies   15,000 

Total  cost  of  laterals  for  district   54,  965 

Cost  per  aero   1.  83 

o 


LIST  OF  PUBLICATIONS  OF  THE  OFFICE  OF  EXPERIMENT  STATIONS  ON 
IRRIGATION  AND  DRAINAGE-Continued. 

Bui.  140.  Acquirement  of  Water  Rights  in  the  Arkansas  Vallcv,  Colorado.    Bv  J.  S. 
Greene.    Pp.  83. 

Bui.  144.  Irrigation  in  Northern  Italy— Part  I.  "By  El  wood  Mead.    Pp.  100. 

Bui.  145.  Preparing  Land  for  Irrigation  and  Methods  of  Applying  Water.  Prepared 
under  the  direction  of  Elwood  Mead,  chief.    Pp.  84. 

Bui.  146.  Current  Wheels:  Their  Use  in  Lifting  Water  for  Irrigation.    By  Albert 
Eugene  Wright.    Pp.  38. 

Bui.  147.  Report  on  Drainage  Investigations,  1903.    By  C.  G.  Elliott.    Pp.  62. 
*Bul.  148.  Report  on  Irrigation  Investigations  in  Humid  Sections  of  the  United 

States  in  1903.'   Pp.  45. 
*Bul.  157.  Water  Riglits  on  Interstate  Streams.    By  R.  P.  Teele  and  Elwood  Mead. 

Pp.  118.    (Separates  only.) 
*Bul.  158.  Report  on  Irrigation  and  Drainage  Investigations,  1904,  under  the  direc- 
tion of  Elwood  Mead,  chief.    Pp.  755.    (Separates  only.) 

Bui.  167.  Irrigation  in  the  North  Atlantic  States.    By  Aug.  J.  Bowie,  jr.    Pp.  50. 

Bui.  168.  The  State  Engineer  and  His  Relation  to  Irrigation.    By  R.  P.  Teele. 
Pp.  99. 

Bui.  172.  Irrigation  in  Montana.    By  Samuel  Fortier,  assisted  by  A.  P.  Stover  and 

J.  S.  Baker.    Pp.  108. 
Bui.  177.  Evaporation  Losses  in  Irrigation  and  Water  Requirements  of  Crops.  By 

Samuel  Fortier.    Pp.  64. 
Bui.  179.  Small  Reservoirs  in  Wyoming,  Montana,  and  South  Dakota.    By  F.  C. 

Herrmann.    Pp.  100. 
Bui.  181.  Mechanical  Tests  of  Pumping  Plants  in  California.    By  J.  N.  Le  Conte. 

Pp.  72. 

Bui.  188.  Irrigation  in  the  Yakima  Valley,  Washington.    By  S.  O.  Jayne.    Pp.  89. 

FARMER.S'  BULLETINS. 

Bul.  46.  Irrigation  in  Humid  Climates.    By  F.  H.  King.    Pp.  27. 

Bui.  116.  Irrigatiim  in  Fruit  Growing.    By  E.  J.  Wickson.    Pp.  48. 

Bul.  138.  Irrigation  in  Field  and  Garden.    By  E.  J.  Wickson.    Pp.  40. 

Bul.  1.58.  How  to  Build  Small  Irrigation  Ditches.    By  C.  T.  Johnston  and  J.  D. 

StannarcL    Pp.  28. 
Bul.  187.  Drainage  of  Farm  Lands.    By  C.  G.  Elliott    Pp.  40. 
Bul.  263.  Practical  Information  for  Beginners  in  Irrigation.    By  Samuel  Fortier. 

Pp.  40. 

Bul.  277.  Use  of  Alcohol  and  Gasoline  in  Farm  Engines.    By  C.  E.  Luc^'e  and  S.  M. 
Woodward.    Pp.  40. 

CIRCULARS. 

*Circ.  48.  WTiat  the  Department  of  Agriculture  is  Doing  for  Irrigation.  By  Elwood 
Mead.    Pp.  4. 

*Circ.  50.  Preliminarv  Plans  and  Estimates  for  Drainage  of  Fresno  District,  Califor- 
nia.   By  C.  G.  Elliott.  Pp.9. 

*Circ.  57.  Supplemental  Report  on  Drainage  in  the  Fresno  District,  California.    Pp.  5. 

*Circ.  .58.  Irrigation  in  the  Valley  of  Lost  River,  Idaho.  By  Albert  Eugene  Wright. 
Pp.  24. 

*Circ.  59.  Progress  Report  of  Cooperative  Irrigation  Investigations  in  California.  By 
S.  Fortier.    Pp.  23. 

*Circ.  63.  Work  of  the  Office  of  Experiment  Stations  in  Irrigation  and  Drainage. 
Pp.  31. 

Ciro.  65.  Irrigation  from  Upper  Snake  River,  Idaho.  By  11.  G.  Raschbacher.  Pp.  16. 
Circ.  67.  Investigations  of  Irrigation  Practice  in  Oregon.    By  A.  P.- Stover.    Pp.  30. 
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